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f e s s o r  C._ Bruce  P e r r y  f o r  h i s  c o n s t a n t  i n t e r e s t  and 
e n c o u r a g e m e n t ,  and  f o r  a u t h o r i s i n g  a  g r a n t  f ro m  t h e  
f u n d s  o f  h i s  d e p a r t m e n t  t o  c o v e r  t h e  e x p e n s e s  o f  
t h e  i n v e s t i g a t i o n .
I n t r o d u c t i o n ,
I n  r e c e n t  y e a r s , a n d  more  e s p e c i a l l y  s i n c e  t h e  r e c o g n i t i o n  
o f  i s o l a t e d  l e f t  v e n t r i c u l a r  f a i l u r e  a s  a  common c l i n i c a l  e n t i t y ,  
i t  h a s  b e e n  r e a l i s e d  t h a t  a  k n o w le d g e  o f  t h e  v e l o c i t y  o f  b l o o d  
f l o w  t h r o u g h  t h e  h e a r t  a n d  l u n g s  i s  o f  d e f i n i t e  v a l u e  i n  t h e  
d i f f e r e n t i a t i o n  o f  c a r d i a c  a n d  b r o n c h o - p u l m o n a r y  d i s o r d e r s .  
H o w ev er ,m ea su rem en t  o f  b l o o d  v e l o c i t y  -  t h e  d i s t a n c e  t r a v e l l e d  
b y  a  p a r t i c l e  o f  b l o o d  i n  a  u n i t  o f  t im e  -  p r e s e n t s  so  many 
p r a c t i c a l  d i f f i c u l t i e s  t h a t  t h e  c l i n i c i a n  p r e f e r s  t o  m e a s u re  
t h e  t i m e  t a k e n  f o r  a  p a r t i c l e  o f  b l o o d  t o  t r a v e l  b e tv /e e n  two 
f i x e d  p o i n t s , a n d  t h i s  m ea su re m e n t  -  w h ich  i s  i n v e r s e l y  p r o ­
p o r t i o n a l  t o  t h e  b l o o d  v e l o c i t y  -  h e  c a l l s  t h e  " b l o o d  c i r c u l ­
a t i o n  t i m e ”.
T h i s  r e p o r t  d e s c r i b e s  t h e  s e l e c t i o n  a n d  c l i n i c a l  t r i a l  
o f  a  m e th o d  o f  b l o o d  c i r c u l a t i o n  t i m e  m ea su re m e n t  w h ic h  does  
n o t  a p p e a r  t o  h a v e  b e e n  u s e d  p r e v i o u s l y  i n  t h i s  c o u n t r y .
SECTION ONE.
REVIEW OF PREVIOUS WORK ON THE SUBJECT.
Review o f  P r e v i o u s  Work on t h e  S u b j e c t .
T h e re  a r e  many m ethods  o f  e s t i m a t i n g  t h e  b l o o d  c i r c u l a t i o n  
t i m e ,  b u t  a l l  a r e  b a s e d  on t h e  same p r i n c i p l e  -  t h e  i n t r o d u c t i o n  
i n t o  t h e  b l o o d s t r e a m  a t  one p o i n t  o f  a  s u b s t a n c e  w h ich  may b e  
d e t e c t e d  a t  a n o t h e r  p o i n t  by one o r  more o f  i t s  p h y s i c a l  o r  
p h a r m a c o l o g i c a l  p r o p e r t i e s .
The f i r s t  r e c o r d e d  i n v e s t i g a t i o n  was t h a t  o f  H e r i n g  ( 1 8 2 7 ) ,  
who i n j e c t e d  p o t a s s i u m  f e r r o c y a n i d e  i n t o  t h e  r i g h t  e x t e r n a l  
j u g u l a r  v e i n  o f  a h o r s e ,  w i t h d r e w  b l o o d  f rom  t h e  c o r r e s p o n d i n g  
v e i n  on t h e  l e f t  s i d e  and  t e s t e d  i t  f o r  t h e  P r u s s i a n  b l u e  r e ­
a c t i o n .
Many y e a r s  l a t e r ,  S t e w a r t  ( 1 8 9 4 ) ,  made an  i n t r a v e n o u s  
i n j e c t i o n  o f  2.5% s a l i n e ,  t h e  volume v a r y i n g  w i t h  t h e  s i z e  o f  
t h e  a n im a l  and  t h e  d i s t a n c e  b e tw e e n  t h e  i n j e c t i o n  and  r e c o r d i n g  
p o i n t s ,  and  d e t e c t e d  i t s  a r r i v a l  by  means o f  a g a l v a n o m e t e r  
c o u p l e d  t o  a  p a i r  o f  u n p o l a r i z a b i e  e l e c t r o d e s  w h ich  were  a p p l i e d  
d i r e c t l y  t o  a b l o o d  v e s s e l  a t  t h e  r e c o r d i n g  p o i n t .  I n  t h i s  way 
h e  m e a s u re d  t h e  c i r c u l a t i o n  t i m e  t h r o u g h  t h e  l u n g s ,  l i v e r ,  
k i d n e y s  and  o t h e r  o r g a n s  o f  v a r i o u s  e x p e r i m e n t a l  a n i m a l s .
The f i r s t  p r a c t i c a b l e  means of  m e a s u r i n g  t h e  c i r c u l a t i o n  
t i m e  i n  Man was d e v i s e d  by B o r n s t e i n  ( 1 9 1 2 ) ,  who made t h e  
s u b j e c t  i n h a l e  a  m i x t u r e  o f  5 -  7% c a r b o n  d i o x i d e  and  a i r .
The c a r b o n  d i o x i d e  e n t e r e d  t h e  b lo o d  t h r o u g h  t h e  l u n g s  and  
was c a r r i e d  t h r o u g h  t h e  l e f t  s i d e  o f  t h e  h e a r t  t o  t h e  a r t e r i e s  
and  so  t h e  b r a i n ,  where i t  s t i m u l a t e d  t h e  r e s p i r a t o r y  c e n t r e .
The r e s u l t a n t  i n c r e a s e  i n  t h e  d e p t h  o f  r e s p i r a t i o n  c o n s t i t u t e d  
t h e  e n d - p o i n t ,  and t h e  c i r c u l a t i o n  t im e  was c a l c u l a t e d  f rom  a 
t r a c i n g  o f  t h e  r e s p i r a t i o n  on a r e v o l v i n g  drum. T h i s  m ethod  
g i v e s  t h e  c i r c u l a t i o n  t im e  t h r o u g h  t h e  l e f t  h e a r t  u n i t  o n l y ,  
and  t h e  r e s u l t  i n c l u d e s  t h e  l u n g  -  h e a d  c i r c u l a t i o n  t im e  p r o p e r  
p l u s  t h e  r e a c t i o n  t im e  of  t h e  r e s p i r a t o r y  m echan ism .  A l th o u g h  
h i s  c l i n i c a l  t r i a l s  were  f ew ,  B o r n s t e i n  f o u n d  t h a t  t h e  c i r c u l a t ­
i o n  t im e  was r e d u c e d  i n  a n a e m ia ,  and  i n c r e a s e d  i n  c a r d i a c  
f a i l u r e .
Ten y e a r s  l a t e r  Koch ( 1 9 2 2 ) ,  p r e s e n t e d  t h e  r e s u l t s  o f  an  
e x t e n s i v e  i n v e s t i g a t i o n  i n  w hich  h e  made u s e  o f  t h e  p r o p e r t i e s  
o f  f l u o r e s c e i n .  He p r e p a r e d  a s o l u t i o n  o f  f l u o r e s c e i n  and 
sod ium  b i c a r b o n a t e  i n  d i s t i l l e d  w a t e r ,  and  i n j e c t e d  1 . 0  c . c .  
i n t o  a  r i g h t  arm v e i n :  t h r o u g h  a c a n n u l a  i n  a  l e f t  arm v e i n
h e  c o l l e c t e d  b l o o d  i n  o x a l a t e d  t u b e s .  The b l o o d  was l e f t  t o  
s e d i m e n t ,  a few d r o p s  o f  p o t a s s i u m  h y d r o x i d e  a d d e d ,  and a n o t e  
made o f  t h e  e a r l i e s t  t u b e  i n  which  f l u o r e s c e n c e  a p p e a r e d .  He 
f o u n d  t h a t  f l u o r e s c e i n  d i s a p p e a r e d  f ro m  t h e  c i r c u l a t i n g  b l o o d  
w i t h i n  30 m i n u t e s ,  so  t h a t  t h e  t e s t  c o u l d  be  r e p e a t e d  i n  t h e  
same i n d i v i d u a l  a f t e r  t h a t  t i m e .  I n  a s e r i e s  o f  119 n o rm a l  
c a s e s ,  h e  f o u n d  t h a t  t h e  mean "arm -  a rm ‘* c i r c u l a t i o n  t i m e  was 
2 0 .7 5  s e c o n d s  and  t h a t  d u p l i c a t e  t e s t s  g a v e  r e s u l t s  w i t h i n  one
5 .
s e c o n d  o f  t h e  o r i g i n a l .  P a t i e n t s  w i t h  c a r d i a c  f a i l u r e  h ad  
i n c r e a s e d  c i r c u l a t i o n  t i m e s  -  up  t o  65 s e c o n d s  i n  one i n s t a n c e  -  
and  i t  was n o t i c e d  t h a t  6 o u t  o f  7 c a s e s  h a v i n g  r e a d i n g s  o v e r  
50 s e c o n d s  d i e d  w i t h i n  a few w eeks .  T h i s  m ethod  i s  s i m p l e  and 
s a f e ,  i t  h a s  an  o b j e c t i v e  e n d - p o i n t ,  h e n c e  i t  may be u s e d  i n  
u n c o n s c i o u s  o r  u n c o - o p e r a t i v e  i n d i v i d u a l s ,  b u t  t h e  n e c e s s a r y  
c a n a l i z a t i o n  o f  a v e i n  makes i t  i n c o n v e n i e n t ,  d i s t u r b i n g  t o  
t h e  p a t i e n t  an d  u n s u i t a b l e  f o r  r o u t i n e  u s e  i n  t h e  c o n s u l t i n g  
room o r  b u sy  o u t - p a t i e n t  d e p a r t m e n t .
I n  o r d e r  t o  a v o i d  t h e  i n c o n v e n i e n c e  o f  b l e e d i n g  t h e  p a t i e n t  
t o  f i n d  t h e  e n d - p o i n t ,  B lu m g ar t  and  Yens ( 1 9 2 7 ) ,  d e v i s e d  t h e  
i n g e n i o u s  ‘’r ad iu m  G” m e th o d ,  i n  which  a  r a d i o a c t i v e  s u b s t a n c e  
i s  i n j e c t e d  a t  one p o i n t  and  d e t e c t e d  on i t s  a r r i v a l  a t .  a n o t h e r  
p o i n t  by  a s p e c i a l  i n s t r u m e n t .  The r a d i o a c t i v e  s u b s t a n c e  i s  
p r e p a r e d  b y  e x p o s in g  sodium c h l o r i d e  t o  r a d iu m  e m a n a t io n  f o r  an 
a p p r o p r i a t e  t i m e  -  d u r i n g  w h ich  r a d iu m  C i s  d e p o s i t e d  upon  t h e  
s a l t .  The sod ium  c h l o r i d e  i s  d i s s o l v e d  i n  s t e r i l e  d i s t i l l e d  
w a t e r  and i t s  r a d i o a c t i v i t y  i s  m e a s u re d  by means o f  a gamma r a y  
e l e c t r o s c o p e ;  i t  i s  n o t  i n j e c t e d  f o r  a t  l e a s t  20 m in u te s  a f t e r  
i t  h a s  been  removed from e x p o s u r e  t o  t h e  e m a n a t io n  -  t o  a l l o w  
a l p h a  r a y  a c t i v i t y  t o  d i m i n i s h  t o  4% o f  i t s  i n i t i a l  v a l u e .
S i n c e  t h e  a c t i v e  d e p o s i t  g i v e s  ou t  r a d i a t i o n s  w h ich  p e n e t r a t e  
t i s s u e s  and  a i r ,  b u t  n o t  l e a d ,  a s h i e l d  o f  l e a d  i s  f i t t e d  ro u n d  
t h e  p a t i e n t ’ s l e f t  s i d e ,  e x c e p t  a t  t n e  b e n d  o f  t h e  l e f t  e lbow  
where  t h e r e  i s  p l a c e d  t h e  c y l i n d e r  o f  t h e  d e t e c t i n g  d e v i c e  
which  i s  a  c o m p l i c a t e d  “ c l o u d  cham ber  o f  t h e  C .T .R .  W i l so n  t y p e ” .
The s o l u t i o n  i s  i n j e c t e d ,  r a p i d l y  i n t o  a r i g h t  arm v e i n  and 
when t h e  f i r s t  t r a c e s  o f  i t  a r r i v e  i n  t h e  a r t e r i e s  a t  t h e  bend  
o f  t h e  l e f t  e lbow ,  t h e  c l o u d  chamber  i n d i c a t e s  t h e i r  p r e s e n c e .  
The c i r c u l a t i o n  t i m e  i s  m e a s u re d  on a s t o p w a t c h .
I n  c l i n i c a l  t r i a l s  o f  t h i s  m e thod ,  B lum gar t  and  Weiss
( 1 9 2 7 a ) ,  i n j e c t e d  0 . 1  -  0 . 2  c . c .  o f  t h e  r a d i o a c t i v e  s o l u t i o n
and fo u n d  t h a t  t h e  c i r c u l a t i o n  t i m e s  o f  53 s u b j e c t s ,  who were
f r e e  f rom  d i s o r d e r s  o f  t h e  b l o o d ,  h e a r t  o r  e n d o c r i n e  o r g a n s ,
r a n g e d  f rom  14 -  24 s e c o n d s ,  w i t h  a mean v a l u e  o f  18 s e c o n d s .
D u p l i c a t e  t e s t s ,  w h ich  may be made t h r e e  h o u r s  a f t e r  t h e  
ti n i t a l  t r i a l s ,  showed o n l y  s l i g h t  d i f f e r e n c e s  -  t h e  maximum 
d i f f e r e n c e  i n  any  one c a s e  b e i n g  3 s e c o n d s ,  and t h e  a v e r a g e  
d i f f e r e n c e  2 s e c o n d s .  C o n t i n u i n g  t h e i r  t r i a l s  i n  p a t i e n t s  
w i t h  v a l v u l a r  d i s e a s e  of  t h e  h e a r t ,  t h e  same a u t h o r s  ( 1 9 2 7 b ) ,  
f o u n d  t h a t  t h e  c i r c u l a t i o n  t im e  was i n c r e a s e d  i n  c a r d i a c  
f a i l u r e ,  b u t  i n  p r o p o r t i o n  t o  t h e  f u n c t i o n a l  d i s a b i l i t y  of  t h e  
myocardium and n o t  a c c o r d i n g  t o  t h e  e x t e n t  of  t h e  v a l v u l a r  
l e s i o n .  I n v e s t i g a t i n g  t h e  v e l o c i t y  o f  b l o o d  f l o w  i n  
a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e ,  t h e y  f o u n d  (1927c)  t h e  c i r ­
c u l a t i o n  t i m e  i n c r e a s e d  t o  30 s e c o n d s  i n  s u b j e c t s  w i t h  r e ­
g u l a r  rh y th m  and no h i s t o r y  o f  d y s p n o e a  o r  s i g n s  o f  c o n g e s t i v e  
f a i l u r e ,  and  i n c r e a s e d  t o  50 s e c o n d s  i n  o t h e r s  w i t h  a u r i c u l a r  
f i b r i l l a t i o n ,  a h i s t o r y  o f  d y s p n o e a  and s i g n s  o f  c o n g e s t i v e  
f a i l u r e .  I n  o r d e r  t o  f a c i l i t a t e  f u r t h e r  i n v e s t i g a t i o n s  i n  
t h i s  f i e l d ,  t h e s e  w o r k e r s  (1927d)  a d a p t e d  t h e  r a d iu m  C m ethod
7 .
t o  m ea su re  t h e  p u lm onary  c i r c u l a t i o n  t i m e :  t h i s  t h e y  d i d  by
f i t t i n g  o v e r  t h e  p a t i e n t f s h e a r t  a l e a d  s h i e l d  w i t h  a c e n t r a l  
h o l e  o v e r  t h e  r i g h t  a u r i c l e .  A r e c o r d i n g  d e v i c e  was a p p l i e d  
t o  t h e  a p e r t u r e  i n  t h e  s h i e l d ,  an d  i t  was now p o s s i b l e  t o  
m e a su re  t h e  ’’r i g h t  arm -  r i g h t  a u r i c l e  t i m e ” , which t h e y  c a l l e d  
t h e  "venous  v e l o c i t y  t i m e " ,  and t h e  " r i g h t  a u r i c l e  -  l e f t  arm 
a r t e r y  t i m e " ,  which  t h e y  c a l l e d  t h e  " c r u d e  p u lm o n a ry  c i r c u l a ­
t i o n  t i m e ” . I n  a s e r i e s  o f  62 m e a s u r e m e n t s ,  t h e y  f o u n d  t h a t  
t h e  a v e r a g e  "venous  v e l o c i t y  t i m e "  was 6 .7  s e c o n d s  and  t h e  
a v e r a g e  " c r u d e  p u lm o n a ry  c i r c u l a t i o n  t i m e ” was 1 0 .8  s e c o n d s .
Us ing  t h i s  amended method i n  p a t i e n t s  w i t h  p u lm o n a ry  
emphysema, t h e y  f o u n d  (1927e)  t h a t  21 out  o f  t h e  25 c a s e s  h ad  
n o rm a l  v a l u e s  f o r  t h e  arm - arm and  p u lm o n a ry  c i r c u l a t i o n  
t i m e s :  t h e  o t h e r  4 h a d  an  a v e r a g e  arm - arm c i r c u l a t i o n  t im e
o f  2 8 . 5  s e c o n d s  and an a v e r a g e  p u lm o n a ry  c i r c u l a t i o n  t im e  o f  
1 8 . 9  s e c o n d s ,  f rom w h ich  I t  was c o n s i d e r e d  t h a t  t h e y  h a d  e a r l y  
c a r d i a c  f a i l u r e ,  i n  a d d i t i o n  t o  emphysema.
I n  a p p l y i n g  t h e  r a d iu m  C m ethods  t o  a s t u d y  of  t h e  c i r ­
c u l a t o r y  r e s p o n s e  t o  t h y r o t o x i c o s i s ,  B lu m g a r t  w i t h  G -a rg i l l  
and  G i l l i g a n ,  (1930a)  showed t h a t  t h e  arm -  arm and c r u d e  
p u lm o n a ry  c i r c u l a t i o n  t i m e s  w ere  m a r k e d l y  r e d u c e d  i n  t h e i r  
13 c a s e s :  s t u d y i n g  7 c a s e s  o f  u n t r e a t e d  myxoedema t h e y
f o u n d  t h e  c i r c u l a t i o n  t i m e s  as  m a r k e d ly  I n c r e a s e d  ( 1 9 3 0 b ) .
When t h e  same w o rk e r s  (1931)  s t u d i e d  t h e i r  f i n d i n g s  i n  
b l o o d  d i s e a s e s  t h e y  f o u n d  t h a t  t h e  c i r c u l a t i o n  t i m e  t e n d e d
t o  d e c r e a s e  as  a n a e m ia  became more s e v e r e ,  an d  t h a t ,  on t h e  
o t h e r  h a n d ,  p o l y c y t h a e m i a  p ro d u c e d  a  d e f i n i t e  p r o l o n g a t i o n  
of  c i r c u l a t i o n  t i m e .
T h e re  i s  no d o u b t  t h a t  t h i s  r a d iu m  C m ethod g i v e s  
e x t r e m e l y  a c c u r a t e  r e s u l t s ,  b u t  I t  r e q u i r e s  s u c h  e x p e n s i v e  
equ ipm ent  t h a t  o t h e r  w o rk e r s  h a d  t o  l o o k  f o r  a method more 
s u i t a b l e  f o r  r o u t i n e  u s e .
R e v e r t i n g  t o  Koch’ s p r i n c i p l e ,  Thompson and  h i s  c o l l e a ­
gues  (1928) I n j e c t e d  3 c . c .  o f  a  4 t o  5/i s o l u t i o n  of  b r i l l i a n t  
v i t a l  r e d  and  c o l l e c t e d  p e r i p h e r a l  venous  b l o o d  i n  s m a l l  
t u b e s  w h ich  were  ch an g ed  a t  15 s e c o n d  i n t e r v a l s .  The c l o t t e d  
b l o o d  was c e n t r i f u g e d  and i n  t h e  a p p r o p r i a t e  s p e c im e n s  t h e  
serum was c o l o u r e d  by t h e  dye :  i n  t h i s  way, t h e y  e s t i m a t e d
t h e  arm -  arm c i r c u l a t i o n  t i m e  t o  be f rom  30 t o  45 s e c o n d s .
U s in g  a 7 , 5 ^  s o l u t i o n  o f  t h e  same d y e ,  and t a k i n g  more 
f r e q u e n t  s a m p l e s ,  Moore and Kinsman (1936)  f o u n d  t h a t  t h e  
arm -  l e g  c i r c u l a t i o n  t i m e  i n  t e n  n o rm a l  s u b j e c t s  r a n g e d  
from 7 . 5  t o  2 6 . 0  s e c o n d s ,  w i t h  an  a v e r a g e  o f  1 2 . 2  s e c o n d s .  
H a m i l to n  and  o t h e r s  (1928)  I n j e c t e d  up  t o  700 mgm. of  
p h e n o l  -  t e t r a i o d  -  p h t h a l i e n  sod ium ,  i n  1 . 0  -  1 . 5  c . c .  o f  
p h y s i o l o g i c a l  s a l i n e ,  i n t o  t h e  j u g u l a r  v e i n ,  c o l l e c t e d  b l o o d  
s am p le s  t h r o u g h  a n e e d l e  i n  t h e  r a d i a l  a r t e r y ,  and  e s t i m a t e d  
t h e i r  c o n t e n t  o f  t h e  d y e .  They q u o t e  a " j u g u l a r  v e i n "  -  
r a d i a l  a r t e r y ' 1 c i r c u l a t i o n  t i m e  o f  2 3 . 0  s e c o n d s .
T hese  dye i n j e c t i o n  t e s t s  h a d  t h e  same d i s a d v a n t a g e s
as  K och’ s f l u o r e s c e i n  t e c h n i q u e ,  and  w ere  s u p e r s e d e d  by 
m ethods  which d i d  n o t  r e q u i r e  t h e  w i t h d r a w a l  o f  b lo o d  
s a m p l e s ,  b u t  u s e d  s u b s t a n c e s  c a p a b l e  o f  p r o d u c i n g  an  end ­
p o i n t  which c o u l d  be r e c o g n i z e d  r e a d i l y  by  t h e  u n a i d e d  
s e n s e s  o f  t h e  s u b j e c t  o r  t h e  i n v e s t i g a t o r .
The e a r l i e s t  example  o f  t h i s  g r o u p  was t h e  " h i s t a m i n e  
f l u s h  t e s t ” i n t r o d u c e d  by Weiss  and o t h e r s  ( 1 9 2 9 ) .
A l lo w in g  0 .0 0 1  mgm. p e r  k i log ram m e o f  body  w e i g h t ,  t h e y  
i n j e c t e d  i n t r a v e n o u s l y  h i s t a m i n e  p h o s p h a t e  i n  1; 5 , 0 0 0  o r  
1: 1 0 ,0 0 0  s o l u t i o n ,  which  p ro d u c e d  a d i l a t i o n  o f  t h e  m i n u t e  
v e s s e l s  o f  t h e  f a c e  -  n o t i c e a b l e  t o  t h e  o b s e r v e r  as  a f l u s h .  
I n  65 n o rm a l  s u b j e c t s ,  t h e  c i r c u l a t i o n  t im e  r a n g e d  f rom
1 3 -30  s e c o n d s ,  w i t h  a  mean v a l u e  o f  23 s e c o n d s :  i n  26
p a t i e n t s  w i t h  c o n g e s t i v e  h e a r t  f a i l u r e  t h e  r a n g e  was 
21 -  82 s e c o n d s  w i t h  a  mean o f  47 s e c o n d s ,  an d ,  i n  7 
p a t i e n t s  w i t h  s e v e r e  a n a e m ia ,  i t  was 9 - 1 6  s e c o n d s  w i t h  a 
mean o f  1 1 .5  s e c o n d s .  E s t i m a t i o n s  made i n  p a r a l l e l  w i t h  
t h e  r a d iu m  C m e thod  showed c l o s e  s i m i l a r i t y  I n  r e s u l t s ,  w i t h  
t h e  h i s t a m i n e  t i m e s  some 5 . 0  s e c o n d s  l o n g e r  on a v e r a g e  -  
d u e ,  t h e y  s a y ,  t o  t h e  f a c t  t h a t  t h e  c i r c u l a t i o n  t i m e  i s  
l o n g e r  I n  t h e  s m a l l e r  v e s s e l s .  I n  a d d i t i o n  t o  t h e  f l u s h ,  
t h e  i n j e c t i o n  o f  h i s t a m i n e  p r o d u c e s  s i d e  e f f e c t s ,  i n c l u d i n g  
a  s u b j e c t i v e  s e n s a t i o n  o f  h e a t  I n  t h e  f a c e ,  g e n e r a l  w eakness  
and p u l s a t i n g  h e a d a c h e  l a s t i n g  f o r  a few  m i n u t e s :  t h e s e
a r e  " n o t  s e r i o u s "  a c c o r d i n g  t o  W eiss  and h i s  a s s o c i a t e s .
1 0 .
I n  an  E n g l i s h  t r i a l  o f  t h e  t e s t ,  B a in  (1934) o b t a i n e d  an 
a d e q u a t e  r e s p o n s e  i n  90/o o f  h i s  300 c a s e s ,  bu t  f o u n d  
d i f f e r e n c e s  o f  up t o  1 0 . 0  s e c o n d s  i n  d u p l i c a t e  r e a d i n g s ,  and 
e n c o u n t e r e d  more s e r i o u s  s i d e  e f f e c t s .  A q u a r t e r  o f  h i s  
p a t i e n t s  c o m p la in e d  o f  h e a d a c h e ,  s i x  d e v e l o p e d  d y s p n o e a ,  and  
a l a r m i n g  r e a c t i o n s  o c c u r r e d  i n  t h r e e  o t h e r s  -  o f  whom one 
d i e d .  The f a t a l  c a s e  was g i v e n  two minims o f  a d r e n a l i n e  
i n t r a v e n o u s l y ,  as  an  a n t i d o t e  t o  h i s t a m i n e ,  and  B a in  c o n ­
s i d e r s  t h a t  t h i s  was t h e  im m ed ia te  c a u s e  o f  d e a t h  i n  t h a t ,  
i n  a l l  p r o b a b i l i t y ,  i t  p r o d u c e d  v e n t r i c u l a r  f i b r i l l a t i o n .
The f r e q u e n c y  and s e v e r i t y  o f  t h e s e  r e a c t i o n s  c o n t r a i n d i c a t e  
t h e  r o u t i n e  u s e  o f  t h e  h i s t a m i n e  t e s t ,  i n  s p i t e  o f  t h e  f a c t  
t h a t  i t  h a s  an  o b j e c t i v e  e n d - p o i n t .
A s e r i e s  o f  t e s t s ,  b a s e d  on t h e  power o f  c e r t a i n  s a l t s  
t o  p r o d u c e  a s u b j e c t i v e  s e n s a t i o n  o f  warmth ,  b e g an  w i t h  t h e  
u s e  by  K a h l e r  (1929)  of  c a l c i u m  c h l o r a t e  i n  10% s o l u t i o n .
He i n j e c t e d  5 c . c .  i n t r a v e n o u s l y  and  f o u n d  t h a t  t h i s  p r o ­
du c ed  as  an  e n d - p o i n t  a f e e l i n g  o f  h e a t  -  f i r s t  n o t i c e d  i n  
t h e  m outn ,  t h e n ,  i n  t u r n ,  i n  t h e  n e c k ,  t h o r a x ,  p e r in e u m ,  
arms and  l e g s .  G o ld b e rg  (1936) p r e f e r r e d  t o  u s e  c a l c iu m  
g l u e o n a t e ,  a l s o  i n  10% s o l u t i o n ,  and f o u n d  t h a t  i t  p ro d u c e d  
a  most  i n t e n s e  e n d - p o i n t  i n  t h e  t h r o a t  and to n g u e  -  t h e  h o t  
s e n s a t i o n  w e l l i n g  up r a p i d l y  ‘‘l i k e  a  g u sh  o f  s t e a m 1*. His  
r e a d i n g s  f o r  t h e  a r m - t h r o a t  c i r c u l a t i o n  t i m e  a v e r a g e d  1 2 .5  
s e c o n d s  i n  60 n o rm a l  s u b j e c t s ,  w i t h  e x t r e m e s  o f  10 and 16 
s e c o n d s ;  i n  15 c a s e s  o f  c a r d i a c  f a i l u r e  t h e y  a v e r a g e d
2 6 . 7  s e c o n d s  w i t h  e x t r e m e s  o f  20 and 40 s e c o n d s ;  i n  17 
c a s e s  o f  h y p e r t h y r o i d i s m  t h e y  a v e r a g e d  9 . 9  s e c o n d s  w i t h  
e x t r e m e s  o f  7 and 11 s e c o n d s ,  w hereas  i n  4 c a s e s  o f  
myxoedema t h e y  a v e r a g e d  20 s e c o n d s  w i t h  e x t r e m e s  o f  19 and  22 
s e c o n d s .  He p e r f o r m e d  d u p l i c a t e  t e s t s  i n  156 c a s e s  and 
f o u n d  t h a t  t h e  s e c o n d  r e a d i n g s  u s u a l l y  c h e c k e d  c l o s e l y  w i t h  
t h e  f i r s t .  However,  i n  a l a t e r  t r i a l  o f  t h i s  t e s t ,  W al l  
(1939)  f o u n d  t h a t  i t  was u n r e l i a b l e  and  m ig h t  g i v e  no end ­
p o i n t  a t  a l l  i n  p a t i e n t s  who h a d  a  l o n g  c i r c u l a t i o n  t i m e .
Ca lc ium  g l u c o n a t e  was u s e d  a l s o  -  i n  a  compound 
s o l u t i o n  w i t h  magnesium s u l p h a t e ,  sodium c h l o r i d e  and  c o p p e r  
s u l p h a t e  -  by S p i e r ,  W r igh t  and S a y l o r  (1936) who fo u n d  
t h a t  i t  p r o d u c e d  a good  e n d - p o i n t  i n  t h e  t o n g u e ,  and  l a t e r  
i n  t h e  p e r i n e u m ,  h a n d s  and  f e e t .  T e s t i n g  40 n o rm a l  s u b ­
j e c t s ,  t h e y  o b t a i n e d  a r m - to n g u e  c i r c u l a t i o n  t i m e  r e s u l t s  
r a n g i n g  f ro m  7 -22  s e c o n d s ,  w i t h  a mean o f  1 4 . 6  s e c o n d s .
They h o p ed  t h a t  t h e  e n d - p o i n t  o b t a i n a b l e  i n  t h e  h a n d s  and 
f e e t  would  e n a b l e  them t o  m e a s u re  t h e  c i r c u l a t i o n  t i m e  t o  
t h e  e x t r e m i t i e s ,  and  t h u s  h e l p  i n  t h e  d i a g n o s i s  o f  p e r i ­
p h e r a l  v a s c u l a r  d i s e a s e s ,  b u t  Kvale  and  A l l e n  (1939)  
showed t h a t  t h e  a r m - f o o t  c i r c u l a t i o n  t i m e  r e s u l t s  were n o t  
c o n s t a n t  enough t o  be of  v a l u e  i n  t h e  r e c o g n i t i o n  o f  such  
d i s o r d e r s .  The compound s o l u t i o n  i s  d i f f i c u l t  t o  p r e p a r e  - 
s i n c e  i t  must  be k e p t  a t  a c o n s t a n t  pH -  and d e t e r i o r a t e s  
r a p i d l y ,  so  t h e  m ethod  i s  o f  l i m i t e d  w o r t h .
Magnesium S u l p h a t e  a l o n e  was u s e d  by B e r n s t e i n  and 
S im k in s  (1939) i n  10% s o l u t i o n ,  o f  which t h e y  i n j e c t e d
6 . 0  c . c .  i n t r a v e n o u s l y ;  t h i s  p r o d u c e d  a h o t  f e e l i n g  i n  
t h e  to n g u e  and p h a r y n x ,  and l a t e r  i n  t h e  f a c e ,  p e r in e u m  
and e x t r e m i t i e s .  The a v e r a g e  r e s u l t  o f  91 aa r m - t o n g u e n 
t e s t s  i n  n o rm a l  s u b j e c t s  was 1 2 . 9  s e c o n d s ,  w h ich  i s  n e a r  
G o l d b e r g ’ s a v e r a g e  w i t h  c a l c iu m  g l u c o n a t e ,  and  no u n t o w a r d  
r e a c t i o n s  o c c u r r e d  i n  t h e  s e r i e s  o f  579 t e s t s  on 274 
i n d i v i d u a l s .  The t e s t ,  t h e r e f o r e ,  i s  s a f e  and  i n e x p e n s i v e ,  
b u t ,  b o t h  t h e  magnesium and  c a l c i u m  s a l t  m e thods  p r o d u c e  
s u b j e c t i v e  s e n s a t i o n s  I n  v a r i o u s  p a r t s  o f  t h e  body  i n  
q u i c k  s u c c e s s i o n  -  w i t h  t h e  r e s u l t  t h a t ,  a s  S p e i r  and  h i s  
c o l l e a g u e s  (1936)  s t a t e ,  ‘‘o c c a s i o n a l l y  t h e  c o n f u s i o n  o f  
t h e  r a p i d  a c t i o n  r e n d e r s  t h e  f i r s t  t e s t  ■ u n s a t i s f a c t o r y . ' 1
S h o r t l y  a f t e r  t h e  i n t r o d u c t i o n  o f  t h e  f i r s t  o f  t h e  
c a l c i u m  s a l t  m e th o d s ,  W i n t e r n i t z  and h i s  c o l l e a g u e s  (1931) 
d e s c r i b e d  a new method w h ich  t h e y  h a d  t r i e d  e x t e n s i v e l y  i n  
t h e i r  c l i n i c  i n  P ra g u e .  They made an  i n t r a v e n o u s  i n j e c t i o n  
o f  5 c . c .  o f  a 20/i) s o l u t i o n  o f  sod ium  d e h y d r o c h o l a t e  -  
" d e c h o l i n "  - and  when t h i s  r e a c h e d  t h e  t o n g u e  I t  p r o d u c e d  
an  i n t e n s e l y  b i t t e r  t a s t e  which was v e r y  r e a d i l y  a p p r e c i a t e d  
by t h e  p a t i e n t .  They f o u n d  t h a t  t h e  n o rm a l  a rm - to n g u e  
c i r c u l a t i o n  t i m e  l a y  b e tw een  B an d  14 s e c o n d s ,  b u t  t h a t  t h e  
r e a d i n g s  o f  up  t o  60 s e c o n d s  o c c u r r e d  I n  c o n g e s t i v e  c a r d i a c  
f a i l u r e .  The t e s t  c o u l d  be r e p e a t e d  w i t h i n  a few m i n u t e s ,
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and a s  many as  f i v e  s u c c e s s i v e  i n j e c t i o n s  were  made i n  one 
i n d i v i d u a l  w i t h o u t  h a r m f u l  e f f e c t s ;  i n d e e d ,  o u t  o f  1 ,2 0 0  
t e s t s  t h e r e  were o n l y  4 o r  5 u n p l e a s a n t  r e a c t i o n s  -  i n  
s e n s i t i v e  i n d i v i d u a l s  i n  whom t h e  b i t t e r  t a s t e  c a u s e d  s i c k ­
n e s s  o r  v o m i t i n g .  ( W i n t e r n i t z  a t  a l i i ,  1 9 3 2 ) .  I n  t h e  
U n i t e d  S t a t e s ,  T a r r  and  h i s  c o - w o r k e r s  (1932)  were  a t t r a c t e d  
by  t h e  s i m p l i c i t y  o f  t h e  m ethod  and gav e  i t  a  t h o r o u g h  t r i a l .  
I n  t h e i r  s e r i e s  o f  60 n o rm a l  s u b j e c t s ,  t h e  c i r c u l a t i o n  t i m e  
r a n g e d  f rom  1 0 -16  s e c o n d s ,  w i t h  a mean v a l u e  o f  13 s e c o n d s ;  
i n  100 s u b j e c t s  w i t h  c o n g e s t i v e  h e a r t  f a i l u r e  t h e  r a n g e  was 
17 -47  s e c o n d s  w i t h  a  mean o f  26 s e c o n d s ,  and  i n  68 c a s e s  o f  
h y p e r t h y r o i d i s m  t h e  r a n g e  was 6 . 5  -  1 2 . 0  s e c o n d s  w i t h  a 
mean o f  9 s e c o n d s .  D u p l i c a t e  r e s u l t s  i n  t h e  same i n d i v i d u a l  
a g r e e d  c l o s e l y  as  a r u l e ,  and  t h e r e  was n e v e r  more t h a n  3 
s e c o n d s  o f  a d i f f e r e n c e .  They r e c o r d  t h a t  t h e  b i t t e r  t a s t e  
was f o l l o w e d  o c c a s i o n a l l y  by a f e e l i n g  o f  n a u s e a ,  w i t h  a c t u a l  
v o m i t i n g  i n  odd c a s e s ,  and  t h a t  a b o u t  1% o f  t h e i r  p a t i e n t s  
c o m p la in e d  o f  p a i n  i n  t h e  g a l l  b l a d d e r  r e g i o n  a f t e r  t h e  
i n j e c t i o n ,  due t o  d i s t e n s i o n  o f  t h a t  o r g a n .  T h e i r  c o n c l u s i o n  
t h a t  t h e  t e s t  was s i m p l e  and r e l i a b l e  was s u p p o r t e d  by G ar-  
g i l l  ( 1 9 3 3 ) ,  who f o u n d  t h a t  t h r e e  s u c c e s s i v e  m e a s u re m e n t s  i n  
t h e  same s u b j e c t  u s u a l l y  “c h e c k e d  w i t h i n  one s e c o n d 11. T h e r e ­
a f t e r  t h e  m ethod  was u s e d  e x t e n s i v e l y  i n  m e d i c a l  c l i n i c s ,  and 
i t s  s a f e t y  was n o t  d o u b t e d  u n t i l  Macy and h i s  c o l l e a g u e s
1 4 .
(1936) r e p o r t e d  a f a t a l  r e s u l t  i n  a m i d d l e  ag ed  woman w i t h  
i n t r a c t a b l e  a s th m a :  j u s t  o v e r  2 . 0  c . c .  o f  d e c h o l i n  h ad
b e e n  g i v e n  when she  was ,trs e i z e d  w i t h  a s e v e r e  a s t h m a t i c  
s t a t e  and d i e d  w i t h i n  t h r e e  m i n u t e s 1*. S e v e r a l  y e a r s  l a t e r ,  
Leys (1944) r e p o r t e d  t h r e e  i n s t a n c e s  o f  a t o x i c  r e a c t i o n :  
one was ‘‘d i s t i n c t l y  u n p l e a s a n t * * , a n o t h e r  ‘‘s l i g h t l y  a l a r m i n g " ,  
and  t h e  t h i r d  f a t a l  -  t h e  p a t i e n t  c o l l a p s e d  i m m e d i a t e l y  a f t e r  
t h e  i n j e c t i o n ,  was r e v i v e d  by n i k e t h a m i d e ,  b u t  a f t e r  an  h o u r  
h a d  a s e c o n d  c i r c u l a t o r y  c o l l a p s e  and d i e d  w i t h i n  a few 
m i n u t e s .  R e p l y i n g  t o  L e y s , W i n t e r n i t z  (1944)  d e c l a r e d  t h a t  
ou t  o f  2 , 0 0 0  i n j e c t i o n s  h e  knew o f  o n l y  t h r e e  c a s e s  o f  
c o l l a p s e ,  and none h a d  b e e n  f a t a l :  he  a d d e d ,  h o w e v e r ,  t h a t
h e  h i m s e l f  h a d  a lm o s t  abandoned  t h e  d e c h o l i n  m e thod .
I n  c o n t r a s t  t o  t h e  b i t t e r  t a s t e  p r o d u c e d  by d e c h o l i n ,  
a sw ee t  t a s t e  i s  p ro d u c e d  by s a c c h a r i n  and  t h i s  was t h e  
b a s i s  o f  t h e  m ethod  i n t r o d u c e d  b y  P i s h b e r g ,  H i t z i g  and King 
( 1 9 3 3 ) .  They c h o se  s a c c h a r i n - *  sod ium  b e n z o s u l p h i n i d  -  
D ecause  i t  s t i m u l a t e s  t h e  t a s t e  b u d s  I n  h i g h  d i l u t i o n  and  i t  
i s  v e r y  s o l u b l e ,  h e n c e  o n l y  a s m a l l  volume o f  s o l u t i o n  n ee d  
be  i n j e c t e d  t o  p ro d u c e  a  s h a r p l y  d e f i n e d  e n d - p o i n t .  I n  t h e  
r o u t i n e  t e s t  t h e y  i n j e c t e d  i n t r a v e n o u s l y  2 . 5  gm. of  s o l u b l e  
s a c c h a r i n  d i s s o l v e d  i n  2 . 0  c . c .  o f  d i s t i l l e d  w a t e r ,  and  
f o u n d  t h a t  t h i s  p r o d u c e d  a  good e n d - p o i n t  i n  99 o u t  o f  100 
c a s e s .  The a r m - to n g u e  c i r c u l a t i o n  t im e  i n  norm a l  s u b j e c t s  
was be tw een  9 and  16 s e c o n d s ,  w i t h  an a v e r a g e  of  12 s e c o n d s ,
and i n  s u b j e c t s  w i t h  c a r d i a c  f a i l u r e  t h e r e  were h i g h e r
r e a d i n g s ,  some o v e r  40 s e c o n d s .  The t e s t  can  be r e p e a t e d
i n  t h e  same s u b j e c t  w i t h i n  a few m i n u t e s ,  and t h e  a u t h o r s
c l a i m  t h a t  t h e  r e s u l t s  " c h e c k  c l o s e l y ' 1, bu t  l a t e r  w o rk e r s
do n o t  s u p p o r t  t h i s  e n t i r e l y .  b s s e r  and  B e r l i n e r  (1943)
made a c a r e f u l  c o m p a r i s o n  o f  d u p l i c a t e  m e asu re m e n ts  by
t h i s  method  and  fo u n d  t h a t ,  i n  n o rm a l  s u b j e c t s ,  t h e  a v e r a g e
d i f f e r e n c e  b e tw e en  f i r s t  and  s e c o n d  t e s t s  was 2 . 3  s e c o n d s
u n d e r  b a s a l  c o n d i t i o n s  (as  f o r  B.M.R. e s t i m a t i o n )  and  4 . 3
s e c o n d s  u n d e r  o r d i n a r y  w ard  c o n d i t i o n s  -  t h e s e  r e s u l t s  
*
c o r r e s p o n d  t o  d i f f e r e n c e s  o f  12.6% and  21.8% r e s p e c t i v e l y :  
i n  s u b j e c t s  w i t h  h e a r t  f a i l u r e  t h e  a v e r a g e  d i f f e r e n c e  was
4 . 1  s e c o n d s  u n d e r  b a s a l ,  and  1 1 .3  s e c o n d s  u n d e r  ward  co n ­
d i t i o n s  -  c o r r e s p o n d i n g  t o  d i f f e r e n c e s  o f  15.9% and 41.0%. 
N e v e r t h e l e s s ,  t h i s  m ethod  h a s  b e e n  u s e d  a s  a  r o u t i n e  by 
many p h y s i c i a n s  and h a s  g i v e n  a p p a r e n t  s a t i s f a c t i o n  -  p r o ­
b a b l y  b e c a u s e  o f  i t s  s i m p l i c i t y  and s a f e t y .  No d a n g e r o u s  
r e a c t i o n s  h av e  b e en  r e p o r t e d  a f t e r  a  s a c c h a r i n  t e s t ,  and 
ev e n  t h e  p e r i v a s c u l a r  i n f i l t r a t i o n  o f  t h e  s o l u t i o n  i s  s a i d  
t o  be h a r m l e s s  -  bu t  L e i n o f f  (1935)  d e s c r i b e s  an  a t y p i c a l  
i n f l a m m a t o r y  r e a c t i o n  of  some s e v e r i t y  f o l l o w i n g  s u c h  an  
i n f i l t r a t i o n :  h o w e v e r ,  t h e  p a t i e n t  was j a u n d i c e d  a t  t h e
t i m e ,  and  h e  c o n s i d e r s  t h a t  t h i s  may h av e  c o n t r i b u t e d  t o  
an  o b s c u r e  c h e m i c a l  i n f l a m m a t i o n .
I n  a r e c e n t  p a p e r ,  R u s k in  and  D ech e rd  (1945)  d e s c r i b e d
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a method of  m e a s u r in g  t h e  a r m - to n g u e  c i r c u l a t i o n  t im e  w i t h  
t h i a m i n e  s o l u t i o n ,  which  p r o d u c e s  as  an e n d - p o i n t  a n u t ­
l i k e  t a s t e  and s m e l l .  The dose  of  t h i a m i n e  v a r i e s  f rom  
50-300mgm. and t h e  t e s t ,  which  f a i l e d  i n  o f  c a s e s ,  
a p p e a r s  t o  be i n f e r i o r  t o  t h e  s a c c h a r i n  m e thod .
I n  t h e  a r m - to n g u e  t e s t s ,  t h e  e n d - p o i n t  i s  e n t i r e l y  
s u b j e c t i v e ,  so t h a t  t h e  r e s u l t s  a r e  u n r e l i a b l e  when t h e  
s u b j e c t  i s  p h y s i c a l l y  o r  m e n t a l l y  i n c a p a b l e  o f  c o - o p e r a t i n g  
f u l l y  i n  t h e  i n v e s t i g a t i o n .
An i n t e r e s t i n g  g r o u p  o f  t e s t s  w i t h  an  o b j e c t i v e  e n d ­
p o i n t  i s  t h a t  i n  which  t h e  i n j e c t e d  s u b s t a n c e  i s  a  r e ­
s p i r a t o r y  s t i m u l a n t ,  a n d  p r o d u c e s  a s h a r p  i n c r e a s e  i n  t h e  
d e p t h  o f  b r e a t h i n g ,  r e a d i l y  n o t i c e d  by  t h e  o b s e r v e r .  The 
f i r s t  s u b s t a n c e  t o  be u s e d  i n  t h i s  way was sod ium  c y a n i d e ,  
which  was i n t r o d u c e d  by L o e v e n h a r t  an d  h i s  c o l l e a g u e s  
(1922) a s  a means of  e s t i m a t i n g  t h e  c i r c u l a t i o n  t i m e  i n  
a n i m a l s ,  a f t e r  t h e y  h a d  n o t i c e d ,  I n  t h e  c o u r s e  o f  o t h e r  
s t u d i e s ,  t h a t  a l a t e n t  p e r i o d  o c c u r r e d  b e tw e e n  t h e  i n j e c t i o n  
o f  t h e  d ru g  and t h e  i n c r e a s e  i n  r e s p i r a t i o n .  ( L o e v e n h a r t  
e t  a l i i ,  1 9 1 8 ) .  L a t e r ,  Heymans, B o u c k a e r t  and  D a u t r e b a u d  
(1931)  p r o v e d  t h a t  c y a n i d e  a c t e d  t h r o u g h  t h e  c a r o t i d  s i n u s ,  
so  t h a t  L o e v e n h a r t 1s t e s t  was a  m easu rem en t  of  t h e  v e i n -  
c a r o t i d  s i n u s  c i r c u l a t i o n  t i m e .  A d a p t in g  t h e  m ethod  f o r  
u s e  i n  Man, Robb and  Weiss  (1933)  u s e d  a  2>6 aq u eo u s  
s o l u t i o n  and i n j e c t e d  f rom  5 t o  10 mgm. o f  sodium c y a n i d e  -
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a c c o r d i n g  t o  t h e  p a t i e n t s ’ b o d y w e ig h t  -  i n t o  an a n t e c u b i t a l  
v e i n :  t h e  r e s p o n s e  was a s u d d e n  i n c r e a s e  i n  t h e  a m p l i t u d e
o f  r e s p i r a t i o n ,  w hich  c o n s t i t u t e d  a s h a r p  e n d - p o i n t .  The 
p h a s e  of  i n c r e a s e d  r e s p i r a t i o n  l a s t e d  f o r  o n l y  20 s e c o n d s  o r  
s o ,  a n d ,  a p a r t  f ro m  a  t e m p o r a r y  i n c r e a s e  i n  t h e  h e a r t - r a t e  
o f  1 0 -1 5  b e a t s  p e r  m i n u t e ,  t h e r e  were  no s i d e  e f f e c t s .  I n  
a s e r i e s  of  35 n o rm a l  s u b j e c t s ,  t h e  r e s u l t s  f o r  t h e - uarm 
t o  c a r o t i d  c i r c u l a t i o n  t i m e n r a n g e d  f rom  9 -21  s e c o n d s ,  w i t h  
a  mean o f  1 5 . 6  s e c o n d s ,  and  i n  d u p l i c a t e  t e s t s  t h e  a v e r a g e  
d i f f e r e n c e  b e tw e en  f i r s t  and s e c o n d  m e a su rem en ts  was 2 
s e c o n d s .  The r e a d i n g  o b t a i n e d  from t h i s  t e s t  i s  t h e  sum 
of  t h e  t r u e  c i r c u l a t i o n  t im e  and  t h e  r e a c t i o n  t i m e  o f  t h e  
c a r o t i d  s i n u s - r e s p i r a t o r y  m echan ism ,  b u t  Robb a n d , W e i s s ,  by 
p a r a l l e l  m easu rem en ts  w i t h  c y a n i d e  and r a d iu m  C m e th o d s ,  
showed t h a t  t h e  r e a c t i o n  t i m e  p r o p e r  i s  n e g l i g i b l e  i n  com­
p a r i s o n  w i t h  t h e  t o t a l  c i r c u l a t i o n  t i m e .  Sodium c y a n i d e  i n  
d o s e s  up t o  t h r e e  t i m e s  t h e  o p t i m a l  amount h a s  b e e n  u s e d  
w i t h o u t  u n to w a r d  r e a c t i o n ,  b u t  i t  i s  a  p o i s o n  o f  s u c h  t o x i c i t y  
t h a t  v e r y  few  c l i n i c i a n s  c a r e  t o  r i s #  e r r o r s  i n  t h e  d i s p e n s ­
i n g  o r  i n j e c t i o n  of  t h e  s o l u t i o n ;  c o n s e q u e n t l y  t h e  t e s t  h a s  
n e v e r  b e e n  f a v o u r e d  i n  t h i s  c o u n t r y .
A s i m i l a r  m ethod  was t r i e d  by B e r l i n e r  (1940) u s i n g  
a l p h a  l o b e l i n e  which  a l s o  g i v e s  a m easu rem en t  f o r  t h e  arm- 
c a r o t i d  s i n u s  c i r c u l a t i o n  t i m e .  I n  t h e  t e s t ,  5 . 0  mgm. of  
a l p h a  l o b e l i n e  h y d r o c h l o r i d e  i s  i n j e c t e d  i n t o  an  arm v e i n  as  
0 . 5  c . c .  o f  a 1% s o l u t i o n ,  and p r o d u c e s  a c h o k in g  s e n s a t i o n
i n  t h e  t h r o a t ,  f o l l o w e d  by a cough and h y p e r p n o e a :  t h e  e n d ­
p o i n t  i s  t h e  o n s e t  o f  c o u g h in g .  The f i r s t  i n j e c t i o n  may 
f a i l  t o  p r o d u c e  an  e n d - p o i n t ,  and a h i g h e r  dose  may be 
n e c e s s a r y  f o r  a s u c c e s s f u l  r e s u l t ;  w here  d u p l i c a t e  r e a d i n g s  
a r e  o b t a i n e d ,  t h e y  d i f f e r  c o n s i d e r a b l y  ( L i l i e n f e l d  and 
B e r l i n e r ,  1 9 4 2 ) .  I n  v iew o f  t h e  v a r i a b i l i t y  o f  r e s u l t s  and 
t h e  u n p l e a s a n t  r e a c t i o n s  -  i n c l u d i n g  f a i n t n e s s ,  v i o l e n t  
c o u g h in g  and s e v e r e  b ro n c h o sp a sm  -  w h ich  may f o l l o w  t h e  i n ­
j e c t i o n  o f  a l p h a  l o b e l i n e ,  t h e  t e s t  i s  u n s u i t a b l e  f o r  g e n e r a l  
u s e .
A t r i a l  of  p a p a v e r i n e  a s  a r e s p i r a t o r y  s t i m u l a n t  f o r  
t h e  m easurem ent  o f  c i r c u l a t i o n  t i m e  was made by  E le k  and  
S o l a r z  ( 1 9 4 2 ) ,  who i n j e c t e d  40 mgm. o f  t h e  h y d r o c h l o r i d e  i n  
1 .2 5  c . c .  o f  w a t e r .  The e n d - p o i n t  was a s u d d e n ,  deep  
i n s p i r a t i o n ,  o f t e n  f o l l o w e d  by a  v i s i b l e  f l u s h i n g  o f  t h e  
f a c e  and  a s u b j e c t i v e  s e n s a t i o n  o f  f a c i a l  warmth ,  t h r o b b i n g  
i n  t h e  t e m p l e s  and m i l d  d i z z i n e s s .  The r e s u l t s  s t a t e d ,  when 
compared  w i t h  t h e  d e c h o l i n  o r  t h e  c a l c i u m  g l u c o n a t e  c i r c u l a t ­
i o n  t i m e s  i n  t h e  same s u b j e c t s ,  do n o t  i n s p i r e  c o n f i d e n c e  i n  
t h e  m e th o d ,  and  s i n c e  Berk  and  S a p e i k a  ( 1 9 4 5 ) ,  i n  a f u r t h e r  
t r i a l ,  o b t a i n e d  a good e n d - p o i n t  i n  o n l y  13 o u t  o f  50 c a s e s  
and  f o u n d  t h a t  no s a t i s f a c t o r y  d i f f e r e n c e s  i n  c i r c u l a t i o n  
t i m e  o c c u r r e d  i n  p a t i e n t s  w i t h  t h y r o t o x i c o s i s ,  c o n g e s t i v e  
h e a r t  f a i l u r e  o r  a n a e m i a ,  t h e i r  c o n c l u s i o n  t h a t  p a p a v e r i n e  
i s  u n s u i t a b l e  f o r  t h e  d e t e r m i n a t i o n  o f  c i r c u l a t i o n  t i m e  seems
j u s t i f i e d .
I n  an  e f f o r t  t o  p r e v e n t  a t e l e c t a s i s  o c c u r r i n g  i n  
s u r g i c a l  c a s e s  a s  an  e a r l y  p o s t - o p e r a t i v e  c o m p l i c a t i o n ,  
S p e r l i n g ,  Weisman and  P a p e r m a s t e r  (1942)  gav e  i n t r a v e n o u s  
i n j e c t i o n s  o f  t h e o p h y l l i n e - e t h y l e n e d i a m i n e , and  f o u n d  t h a t  
t h e s e  p r o d u c e d  a s u d d e n  i n c r e a s e  i n  t h e  r a t e  and  d e p t h  o f  
r e s p i r a t i o n .  K o s t e r  and  S a r n o f f  (1943)  o b s e r v e d  t h a t  t h i s  
i n c r e a s e  i n  r e s p i r a t i o n  was so m arked  t h a t  i t  amounted i n  
many c a s e s  t o  a g a s p ,  and t h e y  d e c i d e d  t o  u s e  t h e o p h y l l i n e -  
e t h y l e n e d i a m i n e  as  a means o f  e s t i m a t i n g  t h e  c i r c u l a t i o n  
t i m e  f rom  t h e  arm t o  t h e  r e s p i r a t o r y  c e n t r e .  They i n j e c t e d  
1 . 0  c . c .  o f  a m i n o p h y l l i n e , c o n t a i n i n g  0 . 2 4  gm. o f  t h e o p h y l l i n e -  
e t h y l e n e d i a m i n e  , and  f o u n d  t h a t  t h i s  amount was a lw ays  
e f f e c t i v e .  S i n c e  t h e  g a s p  was p r e c e d e d  o c c a s i o n a l l y  by  
s w a l lo w in g  movem ents ,  a nc h an g e  i n  f a c i a l  e x p r e s s i o n  f rom 
s u b j e c t i v e  s e n s a t i o n s ' 1, o r  a  s h a r p  c a t c h  i n  t h e  b r e a t h  
d u r i n g  e x p i r a t i o n ,  t h e  f i r s t  o b s e r v a b l e  change was t a k e n  as  
t h e  e n d - p o i n t .  They d e s c r i b e  t h e  c h a r a c t e r i s t i c  r e a c t i o n  
o f  t h e  p a t i e n t  as  " a  t r a n s i e n t  d i z z i n e s s ,  f l u s h i n g  and a 
hyperpnoea*1; t h i s  p a s s e d  o f f  i n  a few m i n u t e s ,  and no 
u n to w a r d  e f f e c t s  were  o b s e r v e d .  T h e i r  s e r i e s  o f  72 c a s e s  
c o n s i s t e d  o f  p o s t - o p e r a t i v e  p a t i e n t s  o f  b o t h  s e x e s  and of  
a l l  a g e s  b e tw een  12 and  82 y e a r s ;  t h e  r e s u l t s  f o r  t h e  arm- 
h e a d  c i r c u l a t i o n  t im e  r a n g e d  f rom  7 . 1 - 2 0 . 4  s e c o n d s ,  w i t h  a 
mean o f  1 2 . 4  s e c o n d s ,  and i n  o n l y  one c a s e  was t h e r e  any
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d i f f i c u l t y  i n  r e c o g n i s i n g  t h e  e n d - p o i n t .  D u p l i c a t e  r e a d i n g s  
were n o t  t a k e n ,  and  t h e  t e s t  was n o t  p e r fo r m e d  i n  p a t i e n t s  
w i t h  c a r d i o v a s c u l a r ,  m e t a b o l i c  o r  b l o o d  d i s e a s e s ,  h e n c e  i t s  
r e l i a b i l i t y  c a n n o t  be a s s e s s e d ;  how ever  i t  h a s  a p p a r e n t  
a d v a n t a g e s  i n  t h a t  i t  e n t a i l s  t h e  i n j e c t i o n  o f  o n ly  a  s m a l l  
volume o f  t h e o p h y l l i n e - e t h y l e n e d i a m i n e  s o l u t i o n  which  i s  n o n ­
t o x i c  and  r e a d i l y  a v a i l a b l e  i n  p r o p r i e t a r y  fo rm .
I n  r e c e n t  y e a r s ,  s e v e r a l  w o rk e r s  h a v e  d e s c r i b e d  t e s t s  
i n  which  an  o b j e c t i v e  e n d - p o i n t  i s  d e t e r m i n e d  by d i r e c t  
v i s u a l  o r  p h o t o m e t r i c  c h a n g e s .  F i s h b a c k  ( 1 9 4 1 ) ,  w o rk in g  
on r a b b i t s ,  fo u n d  t h a t  t h e  i n t r a v e n o u s  i n j e c t i o n  o f  a 
f l u o r e s c e i n  s o l u t i o n  was f o l l o w e d  i n  a  few s e c o n d s  by t h e  
sudden  a p p e a r a n c e  o f  a y e l l o w  c o l o r a t i o n  of  t h e  c o n j u n c t i v a  
and mucous membrane o f  t h e  l i p s  when t h e s e  were  ex p o sed  o n l y  
t o  u l t r a - v i o l e t  l i g h t .  He t r i e d  t h e  same m ethod  i n  man 
w i t h  p r o m i s i n g  r e s u l t s ,  and fo u n d  t h a t  5 . 0  c . c .  o f  a 20% 
s o l u t i o n  o f  f l u o r e s c e i n  was s u f f i c i e n t  t o  p r o d u c e  a b r i l ­
l i a n t  y e l l o w  c o l o u r  on t h e  p a l p e b r a l  c o n j u n c t i v a ,  when 
u l t r a - v i o l e t  l i g h t  was d i r e c t e d  upon  i t - f r o m  a  Kromayer 
lamp w i t h  a Woods f i l t e r  -  i n  a d a r k  room. L a t e r ,  w i t h  
h i s  c o l l e a g u e s ,  h e  f o u n d  ( F i s h b a c k ,  Guttman and Abramson,  
1942) t h a t  t h e  r e s u l t s  f o r  t h e  " a r m - e y e 1* c i r c u l a t i o n  t i m e  
r a n g e d  f rom  7 * 0 - 1 5 . 6  s e c o n d s  i n  n o rm a l  s u b j e c t s ,  and were 
i n  c l o s e  a g reem en t  w i t h  s u b j e c t i v e  c a l c i u m  g l u c o n a t e  t e s t  
r e s u l t s  i n  t h e  same p a t i e n t s .  Lange and Boyd ( 1 9 4 5 ) ,
21,
u s i n g  5 . 0  c . c ,  o f  a  5% s o l u t i o n  o f  f l u o r e s c e i n  an d  t a k i n g  a s  
t h e i r  e n d - p o i n t  t h e  g r e e n i s h - y e l l o w  c o l o u r  a p p e a r i n g  on t h e  
l i p s , o b t a i n e d  h i g h e r  r e a d i n g s , w i t h  a r a n g e  o f  1 5 -2 0  s e c o n d s ,  
i n  t h e i r  s e r i e s  o f  216 n o rm a l  s u b j e c t s :  i n  h y p e r t h y r o i d i s m  a n d  
a n a e m ia  t h e  a v e r a g e  c i r c u l a t i o n  t im e  was r e d u c e d , a n d  i n  h y p o ­
t h y r o i d i s m  a n d  c a r d i a c  f a i l u r e  i t  was i n c r e a s e d .  Out o f  600 
t e s t s , t h e  o n l y  u n t o w a r d  r e a c t i o n  was s l i g h t  n a u s e a , l a s t i n g  f o r  
a  m i n u t e  o r  s o ,  i n  t h r e e  i n s t a n c e s .  The same a u t h o r s  h a d  s u g ­
g e s t e d  i n  a n  e a r l i e r  p a p e r  (Lange a n d  B o y d ,1942)  t h a t  t h e  i n t r a ­
v e n o u s  i n j e c t i o n  o f  f l u o r e s c e i n  m i g h t  h e l p  t o  ch e c k  t h e  a d e q u a c y  
o f  t h e  c i r c u l a t i o n  i n  l o c a l i s e d  a r e a s , s i n c e  t h e y  h a d  o b s e r v e d  
t h a t  i n c a r c e r a t e d  b o w e l  d i d  n o t  become f l u o r e s c e n t .  To f a c i l ­
i t a t e  s u c h  i n v e s t i g a t i o n s , L a n g e  a n d  K rew er  (1943)  i n t r o d u c e d  
t h e i r  " d e r m o f l u o r o m e t e r "  -  a n  i n s t r u m e n t  c o n s i s t i n g  o f  a  lam p,  
s u i t a b l e  f i l t e r s , a n d  a  p h o t o c e l l - p h o t o m e t e r  u n i t  -  w h ich  p e r m i t s  
q u a n t i t a t i v e  m easu re m en t  o f  t h e  f l u o r e s c e n c e  a t  t h e  r e c o r d i n g  
p o i n t .  A l e s s  e l a b o r a t e  m e th o d  o f  e s t i m a t i n g  t h e  a d e q u a c y  o f  
t h e  p e r i p h e r a l  c i r c u l a t i o n  was d e v i s e d  b y  N a th a n s o n  a n d  M e r l i s s  
(1 9 4 3 )  : s i n c e  n o m a l  s k i n  does  n o t  show f l u o r e s c e n c e ,  t h e y  
p r o d u c e d  a  w h ea l  on t h e  s k i n  o f  t h e  arm o r  l e g , b y  t h e  i n j e c t i o n  
o f  h i s t a m i n e , a n d  t h e n  i n j e c t e d  t h e  f l u o r e s c e i n  s o l u t i o n  
i n t r a v e n o u s l y .  I n  due c o u r s e ,  ex am in ed  u n d e r  u l t r a - v i o l e t  
l i g h t , a  b r i l l i a n t  f l u o r e s e e n c e  a p p e a r e d  " a b o u t  t h e  w h ea l  
a n d  i n  t h e  w h ea l  i t s e l f "  a n d  t h i s  a l l o w e d  them t o
m e a s u re  t h e  arm-arm o r  a r m - l e g  c i r c u l a t i o n  t i m e .  I n  32 
norm a l  s u b j e c t s ,  t h e  a v e r a g e  arm- ' leg  c i r c u l a t i o n  t im e  was
2 0 . 1  s e c o n d s ,  w h e re a s  i n  20 s u b j e c t s  w i t h  " a r t e r i o s c l e r o s i s  
o b l i t e r a n s ' '  i t  was I n c r e a s e d  t o  3 2 . 9  s e c o n d s ,  so  t h e  t e s t  
may h a v e  some v a l u e  i n  t h e  d i a g n o s i s  o f  p e r i p h e r a l  v a s c u l a r  
d i s e a s e .  The c h i e f  o b j e c t i o n  t o  t h e s e  m o d i f i c a t i o n s  o f  
Koch’s o r i g i n a l  f l u o r e s c e i n  method i s  t h a t  t h e  e n d - p o i n t  
can  be  d e t e c t e d  o n ly  u n d e r  u l t r a - v i o l e t  l i g h t  i n  a d a r k  
room. A p h o t o m e t r i c  m ethod  was d e s c r i b e d  by J a b l o n s  
( 1 9 4 3 ) ,  b a s e d  on t h e  p r i n c i p l e  t h a t  l i g h t  c a n  be t r a n s m i t t e d  
t h r o u g h  a n im a l  t i s s u e s  t o  i n f l u e n c e  a p h o t o - e l e c t r i c  c e l l ,  
and t h e  i n t e n s i t y  o f  i l l u m i n a t i o n  r e a c h i n g  t h e  c e l l  may be 
d i m i s h e d  by  dyes  i n j e c t e d  i n t r a v e n o u s l y .  A r e c o r d i n g  u n i t ,  
somewhat s i m i l a r  t o  t h e  Lange and Krewer  d e r m o f l u o r o m e t e r ,  
i s  a r r a n g e d  w i t h  a  l i g h t  s o u r c e  b e h i n d  t h e  l o b e  o f  t h e  e a r ,  
and a  p h o t o - e l e c t r i c  c e l l  i n  f r o n t  c o u p l e d  t o  a g a l v a n o m e t e r  - 
t h e  I n s t r u m e n t  i s ,  i n  f a c t ,  a p h o t o - e l e c t r i c  c o l o r i m e t e r  
w i t h  t h e  l o b e  of  t h e  e a r  t a k i n g  t h e  p l a c e  of t h e  cup o r  
t e s t  t u b e .  Prom 2 -5  c . c .  o f  a 1% s o l u t i o n  o f  m e th y le n e  
b l u e  i s  i n j e c t e d  i n t o  an  arm v e i n ,  and  when t h e  dye r e a c h e s  
t h e  l o b e  of  t h e  ear  t h e r e  i s  a  d e f l e c t i o n  o f  t h e  g a l v a n o m e t e r  
n e e d l e .  U s ing  t h i s  t e s t ,  J a b l o n s  and  h i s  c o l l e a g u e s  fo u n d  
t h a t  t h e  a r m - e a r  c i r c u l a t i o n  t i m e  m e a su rem en ts  i n  36 no rm a l  
s u b j e c t s  r a n g e d  f rom  8 . 4 - 2 1 . 6  s e c o n d s ,  w i t h  a mean of  1 3 .8  
s e c o n d s ,  and i n  15 s u b j e c t s  w i t h  c a r d i a c  f a i l u r e ,  t h e y  
r a n g e d  f ro m  2 0 -4 5  s e c o n d s .  ( J a b l o n s  and Cohen,  1943:
2 3 .
J a b l o n s , Cohen and S w i r s h y , 1 9 4 4 ) .  T hese  v i s u a l  and 
p h o t o m e t r i c  m ethods  a r e  o f  c o n s i d e r a b l e  v a l u e ,  b u t  r e q u i r e  
t o o  much a p p a r a t u s  t o  be  s u i t a b l e  f o r  t h e  a v e r a g e  p r a c t i o n e r .
R e c e n t l y ,  t h e  S w ed ish  w o rk e r s  N y l in  and  Malm (1944) 
h a v e  d e s c r i b e d  a m ethod  b a s e d  on a d i f f e r e n t  p r i n c i p l e  -  
t h e y  w i th d ra w  b lo o d  f rom  t h e  p a t i e n t ,  " l a b e l 11 i t  w i t h  
r a d i o a c t i v e  p h o s p h a t e  and i n j e c t  i t  i n t o  an  arm v e i n :  
f rom  an a r t e r y  i n  t h e  o t h e r  arm, t h e y  o b t a i n  b l o o d  s a m p le s  
and e s t i m a t e  t h e  r a d i o a c t i v i t y  o f  th em .  A l th o u g h  t h e  m ethod  
i s  u n s u i t a b l e  f o r  r o u t i n e  u s e ,  i t  may h a v e  some v a l u e  f o r  
r e s e a r c h  w o r k e r s .
I n  a d d i t i o n  t o  t h e  many m ethods  o f  m e a s u r i n g  t h e  c i r ­
c u l a t i o n  t i m e  t h r o u g h  t h e  r i g h t  h e a r t ,  l u n g s  and l e f t  h e a r t ,  
some t e s t s  h a v e  been  d e v i s e d  t o  m e asu re  t h e  c i r c u l a t i o n  t im e  
t h r o u g h  o n l y  one s i d e  o f  t h e  h e a r t .  The r i g h t  h e a r t  c i r ­
c u l a t i o n  t im e  was m e a s u re d  by H i t z i g  ( 1 9 3 4 ,1 9 3 5 ) ,  who 
i n t r o d u c e d  t h e  e t h e r  m e th o d ,  i n  which  a  s o l u t i o n  o f  0 .3 3  c . c .  
o f  e t h e r  i n  t h e  same volume o f  s a l i n e  i s  i n j e c t e d  i n t o  an  
arm v e i n .  The s o l u t i o n  p a s s e s  t h r o u g h  t h e  r i g h t  a u r i c l e
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and v e n t r i c l e  t o  t h e  pu lm o n ary  c a p i l l a r i e s  where t h e  e t h e r  
v o l a t i l i s e s  i n t o  t h e  a l v e o l i  and  r i s e s  t h r o u g h  t h e  a i r  
p a s s a g e s  t o  t h e  n o s e ,  where i t s  t y p i c a l  o dour  i s  r e c o g n i s e d  
by  t h e  p a t i e n t .  The o b s e r v e r  can  s m e l l  t h e  e t h e r  a lm o s t  
as  soon  as  t h e  p a t i e n t ,  so  t h a t  t h e  e n d - p o i n t  i s  b o t h  
s u b j e c t i v e  and  o b j e c t i v e .  H i t z i g  fo u n d  t h a t ,  i n  164 norm al
c a s e s ,  t h e  r i g h t  h e a r t  o r  " a r m - lu n g "  c i r c u l a t i o n  t im e  m easu re  
m en ts  r a n g e d  from 3 . 5 - 8 . 0  s e c o n d s ,  w i t h  a mean of  5 . 5  s e c o n d s  
w hereas  i n  18 c a s e s  o f  f r a n k  r i g h t  h e a r t  f a i l u r e  t h e y  r a n g e d  
f rom  9-27  s e c o n d s .  By s u b t r a c t i n g  t h e  a r m - lu n g  t i m e  from 
t h e  a r m - to n g u e  ( s a c c h a r i n )  t i m e ,  h e  o b t a i n e d  a f i g u r e  f o r  t h e  
" l u n g - t o n g u e "  t i m e ,  which  c o r r e s p o n d s  r o u g h l y  t o  t h e  c i r c u l a ­
t i o n  t i m e  t h r o u g h  t h e  l e f t  h e a r t  u n i t .  H i t z i g  s t a t e s  t h a t  
t h e  i n j e c t i o n  of  t h e  e t h e r  s o l u t i o n  was n o t  f o l l o w e d  by any
s e v e r e  r e a c t i o n ,  a l t h o u g h  i n  a t h i r d  o f  t h e  c a s e s  t h e r e  was
a t r a n s i e n t  c r a m p - l i k e  p a i n  i n  t h e  r e g i o n  o f  t h e  p u n c t u r e ,  
b u t  L e i n o f f  (1935) d e s c r i b e s  t h e  d e a t h  o f  an  a s t h m a t i c  s u b ­
j e c t  f rom an  a p p a r e n t  h y p e r s e n s i t i v i t y  t o  t h e  e t h e r  i n  t h e  
t e s t  s o l u t i o n .
As an  a l t e r n a t i v e  t o  e t h e r ,  M i l l e r  (1934) i n j e c t e d  a 
s o l u t i o n  o f  b e n z y l  o r  l i n a l y l  a c e t a t e ,  and  f o u n d  t h a t  t h e s e  
pe r fu m e  i n g r e d i e n t s  p r o d u c e d  a d i s t i n c t i v e  o d o u r  i n  t h e  
s u b j e c t ’ s b r e a t h .
The a r m - lu n g  t e s t  d e s c r i b e d  by C ande l  (1938) u s e s  
p a r a l d e h y d e ,  w hich  v o l a t i l i s e s  i n t o  t h e  a i r  p a s s a g e s  and
p r o d u c e s  a cough as  t h e  e n d - p o i n t j  how eve r  t h e  t e s t  h a s
s e v e r a l  d i s a d v a n t a g e s ,  s i n c e  t h e  d r u g  may p r o d u c e  h y p n o s i s  
o r  paroxysm s o f  v i o l e n t  c o u g h in g  l a s t i n g  f o r  s e v e r a l  m i n u t e s  
and f o l l o w e d  by d i z z i n e s s .
The c i r c u l a t i o n  t i m e  t h r o u g h  t h e  l e f t  h e a r t  u n i t  was 
m e a s u re d  by G u b n er ,  S c h n u r  and C ra w fo rd  (1939) who u s e d  a
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m o d i f i c a t i o n  of  t h e  f i r s t  c l i n i c a l  metnod d e s c r i b e d  by  
B o r n s t e i n  i n  1912.  A f t e r  a maximal e x p i r a t i o n ,  t h e  s u b ­
j e c t  t a k e s  two r a p i d  f u l l  i n s p i r a t i o n s  o f  a 50j& m i x t u r e  of  
c a r b o n  d i o x i d e  and a i r ,  t h e  b e g i n n i n g  o f  t h e  f i r s t  i n s p i r a ­
t i o n  b e i n g  t h e  s t a r t i n g - p o i n t :  t h e  e n d - p o i n t  c o n s i s t s  o f  a
s u b j e c t i v e  f e e l i n g  of  warmth p a s s i n g  o v e r  t h e  h e a d ,  o f t e n  
w i t h  s l i g h t  g i d d i n e s s ,  and an o b j e c t i v e  q u i c k e n i n g  and  d e e p ­
e n i n g  of  r e s p i r a t i o n .  I n d i v i d u a l  s e n s i t i v i t y  t o  c a r b o n  
d i o x i d e  v a r i e s  g r e a t l y ,  b u t  t h e  d o u b le  i n s p i r a t i o n  i s  a lm o s t  
a lw a y s  e f f e c t i v e .  I n  o v e r  30 t e s t s  i n  n o rm a l  s u b j e c t s ,  
Gubner  and h i s  c o l l e a g u e s  o b t a i n e d  r e a d i n g s  i n  t h e  5 - 1 0  
s e c o n d s  r a n g e ,  most o f  t h e  r e s u l t s  b e i n g  be tw een  7 and 8 
s e c o n d s ,  and  f o u n d  t h a t  d u p l i c a t e  r e s u l t s  were w i t h i n  one 
s e c o n d  o f  t h e  o r i g i n a l  m e a s u re m e n t s .
A n o th e r  m e thod ,  s a i d  t o  m easu re  '‘t h e  f u n c t i o n a l  
c a p a c i t y  o f  t h e  l e f t  v e n t r i c l e " , was i n t r o d u c e d  by  G ross  
( 1 9 4 5 ) ,  u s i n g  amyl n i t r i t e ;  an  ampoule i s  c r u s h e d ,  t h e  
p a t i e n t  i n h a l e s  t h e  v a p o u r  t h r o u g h  t h e  n o s e ,  and i n d i c a t e s  
when h e  f e e l s  a w e l l - m a r k e d  s e n s a t i o n  o f  h e a t  i n  t h e  f a c e .  
The i n h a l a t i o n  may be f o l l o w e d  by u n p l e a s a n t  s i d e - e f f e c t s , 
i n c l u d i n g  h e a d a c h e ,  f a i n t n e s s  and  g i d d i n e s s ,  and by an  
i n c r e a s e  i n  t h e  h e a r t  r a t e  o f  40 o r  50 b e a t s  p e r  m i n u t e .
The r e s u l t s  o f  t e s t s  i n  100 n o rm a l  s u b j e c t s  r a n g e d  f rom
14-25  s e c o n d s ,  and t h e  mean was 1 9 .5  s e c o n d s  -  which  i s  
h i g h  i n  c o m p a r i s o n  w i t h  t h e  c a r b o n  d i o x i d e  r e s u l t s  and  t h e
a v e r a g e  f i g u r e  d e r i v e d  from a r m - lu n g  and a rm -h e ad  m e a s u r e ­
m e n t s .  A d i s a d v a n t a g e  o f  t h e  t e s t  i s  t h a t  t h e  i n t e n s i t y  
of  t h e  h e a t  s e n s a t i o n  i n  t h e  f a c e  d e c r e a s e s  as  t h e  c i r c u l a ­
t i o n  t i m e  i n c r e a s e s ;  as  a r e s u l t ,  i n  c a s e s  o f  s e v e r e
c a r d i a c  f a i l u r e  where t h e  c i r c u l a t i o n  t i m e  i s  g r e a t l y  i n ­
c r e a s e d ,  t h e  e n d - p o i n t  i s  i n d e f i n i t e .
A l th o u g h  t h e  m easurem ent  o f  t h e  c i r c u l a t i o n  t im e  
t h r o u g h  o n ly  one s i d e  of  t h e  h e a r t  i s  of  c o n s i d e r a b l e  v a l u e  
i n  c e r t a i n  c a s e s ,  t h a t  v a l u e  i s  en h an ce d  when t h e  t o t a l  c i r ­
c u l a t i o n  t im e  a l s o  i s  known: t h e r  i g h t  and l e f t  h e a r t  c i r ­
c u l a t i o n  t im e  t e s t s ,  t h e r e f o r e ,  c a n n o t  r e p l a c e  t h o s e  w h ich  
m e a s u re  t h e  t o t a l  c i r c u l a t i o n  t i m e .
A method o f  c i r c u l a t i o n  t im e  m e asu rem e n t ,  i f  i t  i s  t o  
be  u s e d  t o  an y o n e ,  must  be s a f e  and e f f i c i e n t ;  i n  a d d i t i o n ,  
i f  i t  i s  t o  be  of  u s e  t o  t h e  g e n e r a l  p r a c t i t i o n e r ,  i t  must
be  s i m p l e  and  s p e ed y  and  s h o u ld  n o t  r e q u i r e  e x p e n s i v e  o r
e l a b o r a t e  e q u ip m e n t .  R e l i a b i l i t y  i s  e s s e n t i a l ,  and  most  
w o r k e r s  now a g r e e  t h a t  t h i s  c a n n o t  be o b t a i n e d  f rom t e s t s  
w h ich  h a v e  a s u b j e c t i v e  e n d - p o i n t .  Our a t t e n t i o n  was c o n ­
f i n e d ,  t h e r e f o r e ,  t o  t h a t  g ro u p  o f  t e s t s  i n  w h ich  t h e  
o b j e c t i v e  e n d - p o i n t  i s  d e t e r m i n e d  w i t h o u t  t h e  u s e  of  any  
s p e c i a l  a p p a r a t u s  - t h e  g ro u p  i n  which  an o b v io u s  and 
d r a m a t i c  change  In  r e s p i r a t i o n  i s  p ro d u c e d  b y  t h e  i n j e c t e d  
s u b s t a n c e .  P r e v i o u s  work on t h e  a l p h a l o b e l i n e  and p a p a v e r i n e  
t e s t s ,  q u o t e d  ab o v e ,  d i d  n o t  s u g g e s t  t h a t  t h e s e  were l i k e l y
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t o  be s a t i s f a c t o r y ,  hen ce  we were l e f t  w i t h  a c h o i c e  b e tw een  
t h e  c y a n i d e  and t h e o p h y l l i n e - e t h y l e n e d i a m i n e  m e t h o d s ,  n e i t h e r  
o f  w h ich  h a d  b e e n  g i v e n  an e x t e n s i v e  t r i a l  i n  t h i s  c o u n t r y .  
S i n c e  t h e  c y a n i d e s  a r e  such  n o t o r i o u s  p o i s o n s ,  i t  seemed 
u n w is e  t o  u s e  one of  them f o r  i n t r a v e n o u s  i n j e c t i o n ,  i n  a 
r o u t i n e  t e s t ,  w h i l e  t h e r e  was a r e a s o n a b l e  a l t e r n a t i v e ,  so  
i t  was d e c i d e d  t o  s e l e c t  t h e o p h y l l i n e - e t h y l e n e d i a m i n e ,  w h ich  
h a d  t h e  a d d i t i o n a l  a d v a n ta g e  of  b e i n g  a v a i l a b l e  c o m m e r c i a l l y  
i n  s t e r i l e  s o l u t i o n  i n  c o n v e n i e n t  a m p o u le s .
As we h a v e  shown, K o s t e r  and S a r n o f f  t r i e d  t h e i r  new 
method i n  a r e l a t i v e l y  s m a l l  number of  no rm a l  c a s e s  o n ly :  
i t  was n e c e s s a r y ,  t h e r e f o r e ,  b e f o r e  a d o p t i n g  t h e  t e s t  f o r  
r o u t i n e  u s e ,  t o  g i v e  i t  a t h o r o u g h  t r i a l  i n  a  l a r g e r  
number  o f  no rm a l  s u b j e c t s  and i n  o t h e r s  s u f f e r i n g  f rom  t h e s e  
d i s o r d e r s  which a r e  known t o  a f f e c t  t h e  b l o o d  c i r c u l a t i o n  
t i m e .
SECTION TWO.
CLINICAL TRIALS OF THE THEOPHYLLINE-ETHYLENEDIAMINE TEST.
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CLINICAL TRIALS OF THE THEOPHfLLINE-ETHYLaNEDIAMINE TEST.
I n  t h i s  i n v e s t i g a t i o n ,  t h e o p h y l l i n e - e t h y l e n e d i a m i n e  
s o l u t i o n  was u s e d  i n  t h e  form of t h e  p r o p r i e t a r y  ' c a r d o p h y l i n " , 
w h ich  i s  a v a i l a b l e  i n  ampoules  o f  2 . 0  c . c . ,  c o n t a i n i n g  0 .4 8  gm. 
o f  t h e  d r u g ;  s i n c e  t h e  dose  i s  1 . 0  c . c . ,  an  ampoule  i s  o f t e n  
s u f f i c i e n t  f o r  two t e s t s .
PROCEDURE; The s y r i n g e  i s  c h a r g e d ,  a t o u r n i q u e t  i s  a p p l i e d  
t o  t h e  r i g h t  u p p e r  arm of  t h e  recum ben t  p a t i e n t  and an 
a n t e c u b i t a l  v e i n  i s  e n t e r e d ;  t h e  t o u r n i q u e t  i s  r e l e a s e d  
a n d ,  a f t e r  a d e l a y  o f  a few  s e c o n d s  f o r  t h e  r e - a d j u s t m e n t  
o f  t h e  v en o u s  b l o o d f l o w ,  t h e  s y r i n g e  p l u n g e r  and s to p w a t c h  
cap  a r e  p r e s s e d  s i m u l t a n e o u s l y .  The w a tch  i s  s t o p p e d  when­
e v e r  t h e  e n d - p o i n t  o c c u r s .
I n  o r d e r  t o  a v o i d  d i s c r e p a n c i e s ,  a 1 0 . 0  c . c .  s y r i n g e  was 
u s e d  a lw a y s  w i t h  a  guage  1 n e e d l e  f o r  t h e s e  make i t  p o s s i b l e  
f o r  t h e  1 . 0  c . c .  o f  s o l u t i o n  t o  be i n j e c t e d  v e r y  r a p i d l y ,  and  
s i n c e  t h e  p i s t o n  s t r o k e  i s  o n ly  abou t  0 . 5  cm. t h e  * sy r in g e  i s  
e a s y  t o  c o n t r o l .  A f t e r  some p r a c t i c e ,  t h e  i n v e s t i g a t o r  
f i n d s  no d i f f i c u l t y  i n  m a n i p u l a t i n g  t h e  s y r i n g e  w i t h  h i s  
r i g h t  h a n d  and t h e  s to p w a tc h  w i t h  h i s  l e f t ,  b u t  an  a s s i s t a n t  
may t a k e  t h e  w a tch  -  a l t h o u g h  t h i s  means t h a t  t h e  r e c o r d e d  
' ^ c i r c u l a t i o n  time*'' i n c l u d e s  t h e  r e a c t i o n  t im e s  o f  b o th  t h e  
i n v e s t i g a t o r  and h i s  a s s i s t a n t .
A. THE CIRCULATION TIME IN NORMAL SUBJECTS.
I n  t h i s  p a r t  of  t h e  t r i a l ,  t h e  r o u t i n e  t e s t  was p e r f o r m e d  
on 150 s u b j e c t s  who were  "normal*1 i n  t h a t  t h e y  d i d  n o t  s u f f e r
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f rom  d i s e a s e s  o f  t h e  h e a r t ,  o f  t h e  b lo o d  o r  of  m e t a b o l i s m :  
t h e y  were  t y p i c a l  a d u l t  h o s p i t a l  p a t i e n t s ,  o f  a l l  a g e s ,  
f rom  t h e  wards  and o u t - p a t i e n t  c l i n i c s .  The r e s u l t s ,  
which  a r e  d e t a i l e d  i n  T a b le  1 ,  r a n g e d  f rom  6 .8  -  2 2 . 0  
s e c o n d s ,  w i t h  a mean o f  1 2 .1  s eco n d s  and a s t a n d a r d  d e ­
v i a t i o n  o f  2 . 5 .
I n  o r d e r  t o  f i n d  i f  t h e  c i r c u l a t i o n  t i m e  i s  r e a s o n a b l y  
c o n s t a n t  i n  t h e  same i n d i v i d u a l ,  d u p l i c a t e  m easu rem en ts  were  
made i n  a f u r t h e r  g r o u p  o f  50 norm al  s u b j e c t s .  A l th o u g h  
maximum a c c u r a c y  c o u l d  be  h ad  o n l y  by p e r f o r m i n g  e a c h  t e s t  
u n d e r  s t r i c t l y  b a s a l  c o n d i t i o n s ,  t h e s e  a r e  u n o b t a i n a b l e  i n  
g e n e r a l  p r a c t i c e ,  h e n c e  t h e  t e s t s  were  made u n d e r  n o rm a l  
ward  c o n d i t i o n s ,  w i t h  an i n t e r v a l  of  s e v e r a l  days  b e tw e en  
t h e  two.  The r e s u l t s ,  which a p p e a r  i n  T a b le  I I  show t h a t  
t h e  d i f f e r e n c e s *  b e tw een  f i r s t  and sec o n d  m ea su re m e n ts  r a n g e  
f ro m  0 - 2 . 6  s e c o n d s ,  w i t h  a mean d i f f e r e n c e  o f  1 . 1  s e c o n d s .
I n  t h e  250 t e s t s  on 200 no rm a l  s u b j e c t s  t h e r e  was no 
e v i d e n c e  o f  any c o n s t a n t  r e l a t i o n s h i p  b e tw e e n  b l o o d  c i r ­
c u l a t i o n  t i m e  and t h e  s u b j e c t ’ s a g e ,  w e i g h t ,  p u l s e  r a t e  o r  
b l o o d  p r e s s u r e :  t h e s e  d e t a i l s  a r e  o m i t t e d ,  t h e r e f o r e ,  f rom
t h e  t a b l e s  f o r  t h e  s a k e  o f  s i m p l i c i t y .
With  r e g a r d  t o  t h e  e n d - p o i n t ,  i t  must  be e m p h a s i s e d  t h a t ,  
a l t h o u g h  i t  i s  u s u a l l y  a s h a r p ,  deep  i n s p i r a t i o n  am o u n t in g  
t o  a g a s p ,  t h i s  may be p r e c e d e d  by a s w a l lo w in g  movement,  
a s u d d en  ch an g e  i n  f a c i a l  e x p r e s s i o n  d e n o t i n g  a n x i e t y ,  o r  
a c a t c h  i n  t h e  b r e a t h  d u r i n g  e x p i r a t i o n .  T h e re  i s  a
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t e m p t a t i o n  t o  w a i t  f o r  t h e  d r a m a t i c  g a s p ,  b u t  s i n c e  i t  does  
n o t  o c c u r  i n  a s m a l l  p e r c e n t a g e  o f  t e s t s ,  i t  i s  i m p e r a t i v e  
t h a t  t h e  f i r s t  o b s e r v a b l e  change  s h o u ld  be r e g a r d e d  as  t h e  
d e f i n i t i v e  e n d - p o i n t .  Of t h e  250 t e s t s  i n  n o rm a l  s u b j e c t s ,  
t h e  e n d - p o i n t  was an i n s p i r a t o r y  g a sp  i n  224 ( 8 9 . 6 $ ) ,  a 
s w a l lo w in g  movement i n  15 (6$) a change i n  e x p r e s s i o n  i n  9 
( 3 . 6 $ )  and  a c a t c h  i n  t h e  b r e a t h  d u r i n g  e x p i r a t i o n  i n  2 
( 0 . 8 $ ) .  I n  no c a s e  was t h e r e  any d a n g e r o u s  r e a c t i o n ,  bu t  
most  s u b j e c t s  spoke o f  a f e e l i n g  of  warmth o v e r  t h e  f a c e  
and o f  a " l i g h t - h e a d e d n e s s u l a s t i n g  f o r  ab o u t  h a l f - a - m i n u t e :  
t h e s e  s i d e - e f f e c t s  were more p ro m in e n t  i n  e x c i t a b l e  
i n d i v i d u a l s ,  u s u a l l y  women, and i n  8 c a s e s  -  a l l  c o n f i r m e d  
p s y c h o n e u r o t i c s  -  t h e y  p r o d u c ed  a v i o l e n t  e m o t i o n a l  u p s e t ,  
w i t h  w e e p in g ,  t r e m b l i n g  and t a c h y c a r d i a .  L o c a l  r e a c t i o n s  
o c c u r r e d  o n l y  i n  t h e  v e r y  few c a s e s  i n  w hich  t h e r e  was some 
p e r i v e n ^ o u s  l e a k a g e  o f  t h e  s o l u t i o n :  t h i s  c a u s e d  s e v e r e
p a i n  a t  t h e  s i t e  of  t h e  l e a k a g e  b u t  was n o t  f o l l o w e d  by  
n e c r o s i s  o r  t h r o m b o s i s .
B- THE BLOOD CIRCULATION TIME IN METABOLIC DISTURBANCES DUE TO 
DISORDERS OF THE THYROID GLAND.
Under  n o rm a l  ward c o n d i t i o n s ,  s i n c e  b a s a l  c o n d i t i o n s  
c a n n o t  be  o b t a i n e d  i n  g e n e r a l  p r a c t i c e ,  31 t e s t s  were  made 
i n  21 c a s e s  o f  h y p e r t h y r o i d i s m ,  and 1 t e s t  was made i n  a 
c a s e  o f  myxoedema.
The d e t a i l e d  r e s u l t s  a p p e a r  i n  T a b le  I I I  and  show t h a t ,  
i n  t h e  15 J e s t s  i n  t h e s e  c a s e s  o f  h y p e r t h y r o i d i s m  w h ich  were  
f r e e  f ro m  a u r i c u l a r  f i b r i l l a t i o n  and c a r d i a c  f a i l u r e ,  and
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I n  which  t r e a t m e n t  had. n o t  b e g u n ,  t h e  c i r c u l a t i o n  t im e  
m ea s u re m e n t s  r a n g e d  from 5 . 6 - 1 3 . 6  s e c o n d s ,  w i t h  a mean o f  
7 . 1  s e c o n d s .  I f  c a s e  No. 259 ,  w i th  a c i r c u l a t i o n  t i m e  of  
1 3 . 6  s e c o n d s ,  were e x c l u d e d ,  t h e  r a n g e  would be  r e d u c e d  t o  
5 . 6 - E . 5  s e c o n d s  and t h e  mean t o  6 .7  s e c o n d s :  t h e  p h y s i c i a n
i n  a t t e n d a n c e  on t h i s  c a s e  was of  t h e  o p i n i o n ,  which t h e  
c i r c u l a t i o n  t i m e  t e n d e d  t o  c o n f i r m ,  t h a t  c a r d i a c  f a i l u r e  
was d e v e l o p i n g  as  a c o m p l i c a t i o n .  I n  t h e  c a s e s  i n  wh ich  
t h i o u r a c i l  t r e a t m e n t  h a d  a l r e a d y  begup t h e  m easu rem en ts  were  
a p p r e c i a b l y  h i g h e r ,  and t h e  s u c c e s s i v e  t e s t s  showed t h a t  
c l i n i c a l  improvement  was p a r a l l e l e d  b y  a r i s e  i n  t h e  c i r ­
c u l a t i o n  t i m e  u n l e s s  i n  t h e  p r e s e n c e  o f  a u r i c u l a r  f i b r i l ­
l a t i o n  and  c a r d i a c  f a i l u r e .
The c a s e  o f  myxoedema, which was u n d e r  t r e a t m e n t  f o r  
a m i l d  r e l a p s e ,  h a d  a c i r c u l a t i o n  t im e  above  t h e  n o rm a l  
a v e r a g e .
C. THE CIRCULATION TIME IN DISORDERS OF THE BLOOD.
The r e s u l t s  o f  39 t e s t s  i n  29 c a s e s  o f  a n a e m ia ,  and 4 
t e s t s  i n  h c a s e s  o f  p o l y c y t h a e m i a ,  a p p e a r  i n  T a b le  IV.
These  show t h a t  t h e  b l o o d  c i r c u l a t i o n  t im e  i s  r o u g h l y  
p a r a l l e l  t o  t h e  h a e m a g lo b in  p e r c e n t a g e ,  and  t h e  s u c c e s s i v e  
t e s t s  c o n f i r m  t h a t  an i n c r e a s e  i n  t h e  h a e m o g lo b in  p e r c e n t a g e  
I s  u s u a l l y  a cco m p an ied  by an  i n c r e a s e  i n  t h e  c i r c u l a t i o n  
t i m e  and  v i c e  v e r s a .
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D. -  THE CIRCULATION TIME IN CARDIOVASCULAR DISEASE.
I n  t i l l s  s e r i e s ,  108 t e s t s  were p e r fo r m e d  i n  85 c a s e s  
which, w ere  c l a s s i f i e d  i n t o  f o u r  g ro u p s  a c c o r d i n g  t o  f u n c t i o n a l  
and  s t r u c t u r a l  d i s t u r b a n c e .
The f i r s t  g ro u p  c o n s i s t e d  of  8 c a s e s  o f  h y p e r t e n s i o n  
u n c o m p l i c a t e d  by c a r d i a c  f a i l u r e ;  t h e  r e s u l t s  o f  9 t e s t s ,  
w h ich  a r e  shown i n  T a b le  V, r a n g e d  from 1 0 . 0  - 1 7 . 0  s e c o n d s ,  
w i t h  a mean o f  1 2 .8  s e c o n d s .
The s e c o n d  g ro u p  c o n s i s t e d  o f  22 c a s e s  o f  o r g a n i c  h e a r t  
d i s e a s e ,  14 b e i n g  examples  o f  u n c o m p l i c a t e d  v a l v u l a r  l e s i o n s  
and  8 b e i n g  exam ples  o f  a p p a r e n t l y  c u r e d  s u b a c u t e  b a c t e r i a l  
e n d o c a r d i t i s ;  o f  t h e  23 t e s t s  made, t h e  r e s u l t s ,  i n  T a b le  
VI , show a r a n g e  o f  6 .2  -  1 6 .4  s e c o n d s ,  w i t h  a  mean o f
1 2 . 4  s e c o n d s .
The t h i r d  g r o u p  c o n t a i n e d  7 c a s e s  o f  r h e u m a t i c  c a r d i t i s ,  
i n  v a r i o u s  s t a g e s  o f  a c t i v i t y ,  d e s c r i b e d  i n  T a b le  V I I ;  t h e  
r e s u l t s  o f  11 t e s t s  r a n g e d  f rom  7 . 6  -  1 7 . 0  s e c o n d s ,  w i t h  a 
mean of  1 0 . 4  s e c o n d s .
The f o u r t h  and  l a r g e s t  g ro u p  c o n s i s t e d  of  48 c a s e s  o f  
c a r d i a c  f a i l u r e ,  w h ich  was p r e d o m i n a n t l y  l e f t  v e n t r i c u l a r  
i n  1 9 ,  an d  r i g h t  v e n t r i c u l a r  i n  29;  t h e  d e t a i l s  a p p e a r  i n  
T a b le  V I I I  and  show t h a t  t h e  r e s u l t s  of  25 t e s t s  I n  l e f t  v e n ­
t r i c u l a r  f a i l u r e  r a n g e d  from 1 5 .8  -  3 5 . 0  s e c o n d s ,  w i t h  a mean 
of  2 1 . 0  s e c o n d s ,  and  t h e  r e s u l t  o f  40 t e s t s  i n  r i g h t  v e n ­
t r i c u l a r  f a i l u r e  r a n g e d  from 1 3 . 0  - 5 8 . 0  s e c o n d s ,  w i t h  t h e  
same mean o f  2 1 . 0  s e c o n d s .
TABLE I .
ARM-HEAD CIRCULATION TIME MEASUREMENTS IN 150 "NORMAL" PATIENTS.
DIAGNOSIS ;c . t .
I m  
i s e c s .
DIAGNOSIS.
P leu ra l e f f u s i o n  
A n x ie ty  n e u r o s is  
N. A. D.
A n x ie ty  n e u r o s i s  
A n x ie ty  n e u r o s i s  
Pulmonary  emphysema 
( C o n v a l e s c e n t )  pneumonia  
A n x ie ty  n e u r o s i s  
S c i a t i c  n e u r i t i s  
C e r e b r a l  c o n c u s s i o n  
S u b a c u te  n e p h r i t i s  
Meningioma 




; i n  
s e c s .














i 9 . 0
( C o n v a l e s c e n t )  r h e u m a t i s m  9 . 2




C a r d i a c  N e u r o s i s
H y s t e r i a
S t o m a t i t i s
S p o n d y l i t i s
R heum ato id  a r t h r i t i s
B r o n c h i a l  a s th m a
Duodena l  U l c e r
C a r d i a c  n e u r o s i s





9 .5  
: 9 . 6  
: 9 . 6  
I 9 . 6  
; 9 . 8  




TABLE I .  ( c o n td . ) 34 .
DIAGNOSIS
I n f e c t i v e  a r t h r i t i s
Duodenal u lc e r
P leu ra l e f f u s io n
Rheumatoid a r t h r i t i s
P leu ra l e f f u s io n
N. A. D.
C e r e b r a l  c o n c u s s i o n
A n x ie ty  n e u r o s i s
P o l y n e u r i t i s
A n x ie ty  n e u r o s i s
C a r d i a c  n e u r o s i s
C.T.
in  
s e c s .
1 0 . 0
10.0




1 0 . 2
10.2
10.2




s e c s
Emphysema and s i l i c o s i s  | 1 1 . 0  
C e r e b r a l  c o n c u s s i o n  j 1 1 . 0
A n x ie ty  n e u r o s i s  | 1 1 . 0
I
I n f e c t i v e  a r t h r i t i s  I 1 1 . 0
i]




E f f o r t  syndrome j 1 1 . 0
j
I
C h ro n ic  n e p h r i t i s  I 1 1 . 0
t
ii
E f f o r t  syndrome j 1 1 . 0
G a s t r i c  u l c e r  ( h e a l e d )  j 1 1 . 0
F u n c t i o n a l  D y s p e p s i a  I 1 1 . 0
Rheum ato id  a r t h r i t i s  I 1 1 . 0
N. A. D.
H e p a t i c  c i r r h o s i s
Rheum ato id  A r t h r i t i s  1 0 .4?\
\
C a r d ia c  n e u r o s i s  j 1 0 .4
| 
i
A n x ie ty  n e u r o s i s  j 1 0 .8  j A o r t i c  aneurysm? i \
i 1 l
• \




Rheum ato id  a r t h r i t i s  1 1 . 0  ! I n f e c t i v e  h e p a t i t i s
11.2




TABLE I .  ( c o n t d . ) 3 5 ,
DIAGNOSIS
B r o n c h i e c t a s i s
| C.T. 
j i n  
; s e c s .
; 1 1 . 4
N. A. D. j 1 1 . 4
t(
f
C e r e b r a l  c o n c u s s i o n  I 1 1 .4
j
Rh eu m ato id  a r t h r i t i s  j 1 1 .4
\




T u b e r c u l o s i s  ( s p i n a l )  j 1 1 . 6
J
N. A. D. 1 1 . 6
E f f o r t  syndrome j 1 1 . 6
i
i|
M e n ta l  d e f i c i e n c y  j 1 1 .6
i{
R h eu m ato id  a r t h r i t i s  j l l . 6|
I n f e c t i v e  a r t h r i t i s  j 1 1 .8
D i s s e m i n a t e d  s c l e r o s i s  1 1 . 9
N. A. D.
C h ro n ic  b r o n c h i t i s  
A n x i e t y  n e u r o s i s  
A n x i e t y  n e u r o s i s
1 1 2 . 0
DIAGNOSIS.
C a r d i a c  n e u r o s i s
E f f o r t  syndrome
N. A. D.
( C o n v a l e s c e n t ) 
rh e u m a t ism
N. A. D.
N. A. D.
Pulm onary  emphysema
C a r d i a c  n e u r o s i s
C e r e b r a l  tum our
Rheum ato id  a r t h r i t i s
I n f e c t i v e  a r t h r i t i s
I n f e c t i v e  h e p a t i t i s
Carc inoma ( co lo n ) .
1 2 . 0  j H aem atom yel ia
1 2 . 0  S N. A. D.
1 2 . 0  I O s teo  a r t h r i t i s
C.T.
i n






I 1 2 . 0  
I 1 2 . 0  j
12.0 II; I
! !







1 2 . 4  
12.6 
12.6
TABLE I . ( c o n t d . ) 3 6 .
DIAGNOSIS. C.T.
i n  
s e c s .
DIAGNOSIS. c . T .
! i n ’I1 s e c si
G a s t r i c  u l c e r 1 2 .7 Pulmonary  emphysema 1 3 .5
S u b a c u t e  n e p h r i t i s 1 2 .8 N e p h r i t i s  ( h e a l e d ) 1 3 . 6
P o s t - e n c e p h a l i t i c
P a r k i n s o n i s m 1 2 .8 N. A. D. 1 3 . 6
( C o n v a l e s c e n t ) 
pneum onia 1 2 .8 G a s t r i c  u l c e r 1 3 . 8
Pu lm onary
t u b e r c u l o s i s 1 2 .8 E f f o r t  syndrome 1 4 . 0
D uodena l  u l c e r 1 2 .8 P e l l a g r a 1 4 . 0
P ulm onary
t u b e r c u l o s i s 1 2 .9 A n x i e t y  n e u r o s i s 1 4 . 0
N. A. D. 1 2 .9 CO p o i s o n i n g 1 4 . 0
A o r t i c  a n e u r i s m 1 3 . 0 Ery them a nodosum 1 4 . 0
P o l y n e u r i t i s 1 3 .0 H y s t e r i a
;
1 4 . 0
D i a b e t e s  m e l l i t u s 1 3 . 0
i
C e r e b r a l  c o n c u s s i o n  j'i9i.
1 4 .2
N. A. D. 1 3 .0 N. A. D. !/
j
1 4 . 6
T r i g e m i n a l  n e u r a l g i a 1 3 .2 Gout j
1
1 4 . 6
A crom egaly 1 3 .2
I
M y a s th e n ia  g r a v i s  j
I
1 4 . 6
Rheu m ato id  a r t h r i t i s 1 3 .2
S
A n x i e t y  n e u r o s i s  J 1 4 . 8
Pu lm onary  emphysema ! 1 3 .4 N. A. D. 1 4 . 8





i n  
s e c s .
DIAGNOSIS. C.T.
i n  
s e c s  .
| Meningioma 1 5 .0 B r o n c h i e c t a s i s 1 6 . 0
N. A. D. 1 5 . 0 D i a b e t e s  m e l l i t u s 1 6 . 0
C e r e b r a l  t h r o m b o s i s 1 5 . 0 S im ple  g o i t r e 1 6 . 0  ;
P l e u r a l  e f f u s i o n 1 5 . 0 D i a b e t e s  m e l l i t u s 1 6 . 0  !
Pu lm onary  emphysema 1 5 .0 D i a b e t e s  m e l l i t u s 1 6 . 0
j
D i a b e t e s  m e l l i t u s 1 5 .1 Rheum ato id  a r t h r i t i s 1 6 . 4  |
j
Pu lm onary  emphysema 1 5 .2 ( C o n v a l e s c e n t )  m a l a r i a 1 6 . 8  !
1
A r t e r i o s c l e r o s i s 1 5 . 4 C e r e b r a l
a r t e r i o s c l e r o s i s 1 7 . 0  !
G a s t r i c  u l c e r 1 5 .4 D i a b e t e s  m e l l i t u s 1 7 . 4  ;
Pu lm onary  emphys ema 1 5 . 6 G a s t r i c  u l c e r 1 7 . 6  j
E ry th em a  nodosum 1 5 . 6 F i b r o s i t i s 1 8 . 0  j
•!
G a s t r i c  u l c e r
------- - -----  ... --------4 . . . - ........................................................  ..............
1 5 . 8  
— — —
• ;
Pu lm onary  emphysema
i
2 2 . 0  |;
Mean r e a d i n g  1 2 .0 7  s e c o n d s  -  1 2 .1  s e c o n d s .
S t a n d a r d  d e v i a t i o n  2 . 5  s e c o n d s .
TABLE I I .
DUPLICATE MEASUREMENTS IN 50 "NORMAT.” PA'T'TEAFPS
DIAGNOSIS C i r c u l a t i o n  Time 
i n  s e c o n d s .
(1) (2)
A p p e n d i c u l a r  a b s c e s s 7 . 8 6 . 8
D u o d en a l  u l c e r 8 . 1 9 . 0
Ery them a  nodosum 8 . 6 7 . 0
P neum ococca l  a r t h r i t i s 8 . 8 7 . 8
I n f e c t i v e  h e p a t i t i s 9 . 0 9 . 6
G a s t r i c  U l c e r 9 . 4 8 . 5
Amoebic h e p a t i t i s 9 . 4 9 . 4
C e r e b r a l  tum our 9 .4 1 0 .5
P l e u r a l  e f f u s i o n 9 . 8 9 . 6
D i a b e t e s  m e l l i t u s 1 0 . 0 9 . 6
C e r e b r a l  m a l a r i a 1 0 .2 1 0 . 8
*
Tabes  d o r s a l i s 1 0 .2 1 1 . 4
N. A. D. 1 0 .2 1 1 . 0
( C o n v a l e s c e n t )  G l a n d u l a r  
f e v e r 1 0 .3 1 1 . 6
. . j  ...
TABLE I I .  ( c o n t d . )
DUPLICATE MEASUREMENTS IN 50 ?,NOHMALu PATIENTS.
DIAGNOSIS. C i r c u l a t i o n  Time 
i n  s e c o n d s .
(1) (2)
G a s t r i c  u l c e r 1 0 .4 1 0 .2
S u b a c u t e  n e p h r i t i s 1 0 .8 1 2 .2
H e p a t i c  c i r r h o s i s 1 0 .9 1 0 . 4
Tabo -  p a r e s i s 1 1 .0 1 0 .8
N. A. D. 1 1 . 0 1 3 . 2
A cute  g a s t r i t i s 1 1 . 0 1 0 .8
S u b a c u t e  n e p h r i t i s 1 1 . 1 9 . 8
G a s t r i c  u l c e r
$
1 1 .2 1 1 . 0
T r i g e m i n a l  n e u r a l g i a 1 1 .2 1 1 . 0
S u b a c u t e  n e p h r i t i s 1 1 .4 1 0 .4
( C o n v a l e s c e n t )  pneumonia 1 1 .8 1 0 . 6
G o n o c o c c a l  a r t h r i t i s 1 1 . 8 1 0 .4
N. A. D. j 1 1 .8
I
1 2 .4
T o n s i l l i t i s S 1 2 . 0j 1 1 . 0
Carc inom a ( s tom ach) | 1 2 . 0
I
1 0 . 0
F u n c t i o n a l  d y s p e p s i a
I ; 
| 1 2 . 0 9 . 8
TABLE I I .  ( c o n t d . )
DUPLICATE MEASUREMENTS IN 50 i! NORMAL'' PATIENTS
DIAGNOSIS. , C i r c u l a t i o n  Time
i n  s e c o n d s .' nr
D i a b e t e s  m e l l i t u s  
N. A. D.
F u n c t i o n a l  d y s p e p s i a  
P l e u r a l  e f f u s i o n  
D uodena l  u l c e r  
E p i l e p s y  
A o r t i c  aneurysm  
C e r e b r a l  c o n c u s s i o n  
A o r t i c  aneurysm  
S u b a c u t e  n e p h r i t i s  
G a s t r i c  u l c e r  
D i a b e t i c  g a n g r e n e  ( t o e )  
Tab es  d o r s a l i s  
(R e s o lv e d )  pneumonia  
E ry th em a  nodosum
12.0
12.2




1 4 . 0
1 4 . 0
1 4 . 4
1 4 .8
1 5 .4
1 5 . 4
1 5 .4
1 5 . 8  






1 4 . 8
11.8 
12.8
1 3 .8  
1 5 . 2
1 7 . 0  
1 7 . 4
1 6 . 1
1 2 . 8  
1 3 . 8  
1 5 . 0
TABLE-II ( c o n td . )
DUPLICATE MEASUREMENTS IN 50 uNORMAL” PATIENTS.
DIAGNOSIS. C i r c u l a t i o n  f im e
_in _ seco n d s . ._________
 I (2)
D uodena l  u l c e r
G a s t r i c  u l c e r
Tabes  d o r s a l i s
D i a b e t e s  m e l l i t u s
C e r e b r a l  t h r o m b o s i s
(1)
1 6 .8
1 6 . 8
1 8 . 6
1 8 .9
1 9 . 6
1 4 .2  
1 8 . 6  
1 7 . 0
20.2 
20.8
D i f f e r e n c e s  r a n g e  f rom  0 - 2 . 6  s e c o n d s .
A verage  d i f f e r e n c e  b e tw e e n  f i r s t  and  s e c o n d  t e s t s  1 . 0 9  s e c o n d s  
s e c o n d s .
TABLE I I I .
CIRCULATION TIME IN DISORDERS OF THE THYROID GLAND,
....................I ....
Case No. Sex REMARKS. ■ C.T.
and i n
ag e  - s e c s
(A) S i n g l e  t e s t s  b e f o r e  T r e a t m e n t .
251 F42 T y p i c a l  t h y r o t o x i c o s i s  5 . 6
252 P52 T y p i c a l  t h y r o t o x i c o s i s  6 . 0
253 P44 T y p i c a l  t h y r o t o x i c o s i s  6 . 0
) i
| 254 P53 T h y r o t o x i c o s i s  s u p e r im p o s e d  on l o n g -
j s t a n d i n g  " s i m p l e  g o i t r e " .  6 . 2
j 255 P24 M ild  h y p e r t h y r o i d i s m  6 . 8
i
j 256 P38 T h y r o t o x i c o s i s  s u p e r im p o s e d  on l o n g -
| s t a n d i n g  " s im p le  g o i t r e " .  7 . 0
i
i  257 F34 M ild  h y p e r t h y r o d i s m  7 . 0
!
| 258 F27 M ild  h y p e r t h y r o i d i s m  8 . 5
i
| 259  F42 E a r l y  t h y r o t o x i c o s i s  s u p e r i m p o s e d  on
l o n g - s t a n d i n g  " s im p le  g o i t r e "  1 3 . 6
(B) S i n g l e  t e s t s  a f t e r  T r e a tm e n t  h a s  begun ,
| 260  iM42 ( T h y r o t o x i c o s i s ;  c o n s i d e r a b l e  c l i n i c a l
I I ' improvement
a l t e r  12 days  on t h i o u r a c i l  1 3 . 6
261 P57 ’T h y r o t o x i c o s i s ;  some improvement  a f t e r
14 days  on t h i o u r a c i l  -
TABLE I I I ,  ( c o n t d . ) 43 .
Case!  Sex REMARKS.
No. ! and.
I a g e .
261 ; F5? t h i o u r a c i l :  a u r i c u l a r  f i b r i l l a t i o n  s t i l l
! p r e s e n t  but  no e v id e n c e  of  c a r d i a c
I f a i l u r e .
262 j M48 “Masked h y p e r t h y r o i d i s m 1* a f t e r  8 days  on
t h i o u r a c i l ;  a u r i c u l a r  f i b r i l l a t i o n  s t i l l  
; p r e s e n t
263 | F21 T h y r o t o x i c o s i s ;  c o n s i d e r a b l e  c l i n i c a l
improvement a f t e r  2 months on t h i o u r a c i l
264 F55 j T h y r o t o x i c o s i s  a f t e r  4 days t r e a t m e n t  w i t h
t h i o u r a c i l  and d i g o x i n ;  a u r i c u l a r  
f i b r i l l a t i o n  and c o n g e s t i v e  c a r d i a c  
| f a i l u r e  s t i l l  p r e s e n t .
j (C) S u c c e s s i v e  T e s t s .
265 F38 !M ild  h y p e r t h y r o i d i s m  (as  an o u t - p a t i e n t ) .
| D u p l i c a t e  t e s t  on a d m i s s i o n  b u t  w i t h o u t  
! t r e a t m e n t
266 F42 j T y p i e a l  t h y r o t o x i c o s i s :  b e f o r e  t r e a t m e n t
j A f t e r  10 days  on m e th y l  t h i o u r a c i l ,
| d e f i n i t e  c l i n i c a l  im provem ent :  5 l b s .
I g a i n  i n  w e ig h t
267 1F18 t h y r o t o x i c o s i s  s u p e r im p o s e d  on 11 s im p le
g o i t r e " :
! b e f o r e  t r e a t m e n t
i n  
s e c s .
1 3 . 6j I
| 1 3 . 8  I
i Ii |i !
i I





| 1 4 . 4
|
I




7 . 1  j
j|

















TABLE I I I ,  ( c o n t d . ) 4 4  #
Sex | REMARKS. ! C .T.  !
an d  ! i n
Age j s e c s .
F18 : A f t e r  12 days  on t h i o u r a c i l ,  c l i n i c a l  im-
i :
j p ro v e m en t ;  3 l b s .  g a i n  i n  w e ig h t  7 . 0
F54 | T y p i c a l  t h y r o t o x i c o s i s :  b e f o r e  t r e a t m e n t  I 7 . 0  : 
j A f t e r  11 days  on t h i o u r a c i l ,  c o n s i d e r a b l e  
c l i n i c a l  im provem ent :  7 l b s .  g a i n  i n  w e ig h t  ; 9 . 0
F64 | T y p i c a l  t h y r o t o x i c o s i s ;  b e f o r e  t r e a t m e n t  7 . 0
; A f t e r  14 days  on t h i o u r a c i l ;  c l i n i c a l  im- 
; p rovem ent  1 0 . 0
• A f t e r  a f u r t h e r  3 months on t h i o u r a c i l  as  
a n  o u t - p a t i e n t ;  g r e a t  c l i n i c a l  im provem ent  ; 1 2 . 2  ; 
M57 ; “Masked h y p e r t h y r o i d i s m ” w i t h  a u r i c u l a r
I f i b r i l l a t i o n  and c o n g e s t i v e  c a r d i a d  f a i l u r e ,  
b e f o r e  t r e a t m e n t  1 7 . 4
A f t e r  14 days  on t h i o u r a c i l  and  d i g i t a l i s ;  
no e v i d e n c e  of  c o n g e s t i v e  f a i l u r e  b u t  
a u r i c u l a r  f i b r i l l a t i o n  s t i l l  p r e s e n t :  2 l b s .
; g a i n  i n  w e ig h t  ( i n  s p i t e  of  l o s s  o f  oedema |
; f l u i d )  | 1 4 - 2 |
A f t e r  a  f u r t h e r  6 months  t r e a t m e n t  a s  an  




I 270 | 










M57 a u r i c u l a r  f i b r i l l a t i o n  s t i l l  p r e s e n t  b u t  no j
f a i l u r e ;  a d d i t i o n a l  5 l b s .  g a i n  i n  w e i g h t  . j
l
F
M52 "Masked h y p e r t h y r o i d i s m '1 and a u r i c u l a r  |
f i b r i l l a t i o n  b u t  no e v i d e n c e  o f  c a r d i a c  jj
f a i l u r e ,  b e f o r e  t r e a t m e n t  i7 i
l j
I A f t e r  11 days  on m e th y l  t h i o m a c i l ;  I
i ■i i
| c l i n i c a l  im provem ent ;  4 l b s .  g a i n  i n  w e i g h t ;  j




i ■ *i *
j ; A f t e r  a  f u r t h e r  24 days  t r e a t m e n t ;  c l i n i c a l
) :j
j improvement  b u t  a u r i c u l a r  f i b r i l l a t i o n  s t i l l  \
| ; p r e s e n t
[F61 IMyxoedema; t r e a t e d  w i t h  t h y r o i d  e x t r a c t  a t
? i




C.T .  !
i n  
s e c s .
1 4 .0
1 6 . 0
1 5 .8
1 4 .4  j
1 5 . 6
TABLE IV.
46 .







S i n g l e  T e s t s .
!
SC.T.
1 i n  
\ s e c s
273 M45 Hypochromic an aem ia  i n  m o n o c y t i c l e u k a e m i a
Hb 52% j 6 . 0
274 M48 Hypochromic anaem ia  f o l l o w i n g  m e la e n a  f rom |
d u o d e n a l  u l c e r : Hb 64% 6 . 0
275 F42 M i c r o c y t i c  h y p o c h ro m ic  anaem ia ; Hb 50% j 6 . 9
276 M56 M i c r o c y t i c  h y pochrom ic  an ae m ia ;
c a rc in o m a  of  s tom ach ; Hb 30% ! 7 . 0
277 F71 P e r n i c i o u s  an aem ia  ( r e l a p s e d ) ; Hb 76% 7 . 0
278 ; F19 I Hypochromic a n aem ia ;  u l c e r a t i v e
I
c o l i t i s : Hb 70% 7 . 6
279 M3 9 ; Hypochromic  anaem ia  i n  H o d g k in 1s
| d i s e a s e ; Hb 70% 7 . 6
i
280 F26 | M i c r o c y t i c  hy p o ch ro m ic  an a em ia ;
j
Hb 80% ; 7 . 6
281 F31
|
i Hypochromic  anaemia* h e a l e d
j
j p u lm onary  t u b e r c u l o s e s ; Hb 82% ! 7 . 6
282 ! M3 5 |Hypochrom ic  a n a e m ia  f o l l o w i n g
i h a e m a te m e s i si Hb 72% 7 . 8
283 F39
i
| M i c r o c y t i c  h y p o ch ro m ic  an aem ia ; Hb 80% 8 . 0
284 F24 M i c r o c y t i c  h y p o ch ro m ic  an aem ia ; Hb 86% ; 8 . 2
TABLE IV. ( c o n t c l . ) 47.
i
Case Sex REMARKS. C .T.  |
No. and  i n  \
' Ag e s e c s . |
285 M54 Hypochromic anaemia  f o l l o w i n g  h a e m a t e m e s i s :
Hb 78/o 8 . 6
286 F23 M i c r o c y t i c  hy p o ch ro m ic  a n ae m ia ;  Hb 80%
t :
S u c c e s s i v e  T e s t s .
! 294
8.6 I
287 M27 Hypochromic  an ae m ia  f o l l o w i n g
h a e n a t  ernes i s ; Hb 88% 9 . 2
288 M62 Hypochromic anaem ia  f o l l o w i n g
h a e m a t e m e s i s :  Hb 64% 1 0 . 4
289 M53 Hypochromic anaem ia  f o l l o w i n g
h a e m a te m e s i s ;  Hb 62% 1 1 .0
290 M63 . Hypochromic anaem ia  f o l l o w i n g
h a e m a te m e s i s ;  Hb 64% 1 1 .2
291 F61 P e r n i c i o u s  anaem ia ;  Hb 62% 1 3 .2
I 292 F37 : P o ly c y th a e m ia ;  c o n g e n i t a l  h e a r t
! d i s e a s e ;  Hb 1 2 $  1 7 . 6I3£
| 293 M66 P o l y c y t h a e m i a  v e r a ;  Hb 109%19.0
F45 P e r n i c i o u s  an aem ia  ( r e l a p s e d ) ;  Hb 32% ; 6 . 0
] I












TABLE IV. ( c o n t d . )
Sex REMARKS. j c . T .
and I ; i n
Agej j s e c s .
M52j Hypochromic anaem ia  f o l l o w i n g  h a e m o p t y s i s ?
i b r o n c h i e c t a s i s :  Hb 65$ : 7 . 0
i ■ . j
A f t e r  10 days  t r e a t m e n t :  Hb 80$  : 8 . 8
I
M36 Hypochromic anaem ia  f o l l o w i n g  I
h a e m a te m e s i s :  Hb 65$ | 7 . 2
A f t e r  11 days  t r e a t m e n t :  Hb 70$ j 8 . 1
M33 Hypochromic an aem ia :  u l c e r a t i v e  I
c o l i t i s :  Hb 68% j 7 . 6
! A f t e r  2 months  t r e a t m e n t :  Hb 74$ j 8 . 2
M53 | Hypochromic an aem ia  f o l l o w i n g
; h a e m a te m e s i s :  Hb 68$ ; 8 . 6
! A f t e r  15 days  t r e a t m e n t :  Hb 82$ 110.7
| ;
P20 | Hypochromic anaem ia  i n  a n o r e x i a  ? j
n e r v o s a ;  Hb 64$ 8 . 8
A f t e r  6 d a y s :  Hb 60$ ; 6 . 4
M51 | Hypochromic anaem ia ;  h a e m o r r h o i d s :  Hb 44$ ilO.O
A f t e r  7 days  t r e a t m e n t ;  Hb 65$ 1 1 .2
IM33 I Hypochromic an aem ia ;  u l c e r a t i v e
j j c o l i t i s :  Hb 90$ 1 0 .3
A f t e r  7 d a y s :  Hb 85$ 9 . 0
,M57 Hypochromic  anaem ia ;  f o l l o w i n g
i h a e m a t e m e s i s ;  Hb 75$ 1 2 . 0
A f t e r  10 days  t r e a t m e n t ; Hb 87$  1 5 .9
TABLE IV, ( c o n t d . )
!---------  ;
j  ,
| Case | Sex
i No. : and
! | Age
303 I M36 Hypochromic anaem ia  f o l l o w i n g
h a e m a te m e s i s ;  Hb 70% 1 3 .7
A f t e r  11 days  t r e a t m e n t  Hb 75% ; 1 1 .2
304 M41 i P o l y c y t h a e m i a  v e r a ;  Hb 110% 1 2 . 4
|
jNext d a y ,  a f t e r  v e n e s e c t i o n ;  Hb96% 1 0 .8
REMARKS. C.T.
i n






















H y p e r t e n s i v e  h e a r t  d i s e a s e  w i t h  c o r o n a r y  
s c l e r o s i s  and  b u n d l e  b r a n c h  b l o c k ;  
a n g i n a  of  e f f o r t :  B .P .  1 8 0 /1 2 0
H y p e r t e n s i v e  h e a r t  d i s e a s e :  a t h e r o s c l e r o s i s :




E s s e n t i a l  h y p e r t e n s i o n :  h e a d a c h e  t h e  s o l e  
symptom: B .P .  1 8 0 /1 0 0
E s s e n t i a l  h y p e r t e n s i o n :  a r t e r i o s c l e r o s i s :
B .P .  2 4 0 /1 3 5
H y p e r t e n s i v e  h e a r t  d i s e a s e :  a t h e r o ­
s c l e r o s i s :  a n g i n a  of  e f f o r t :
B .P .  1 8 0 /1 0 0
H y p e r t e n s i o n  f o l l o w i n g  to x a e m i a  o f  
p r e g n a n c y :  no ab n o rm a l  s i g n s  o f  
symptoms e x c e p t  B .P .  2 1 0 /1 4 0
R e-exam ined  5 months  l a t e r :
B .P .  1 8 0 /1 3 0
H y p e r t e n s i v e  h e a r t  d i s e a s e :  
a n g i n a  o f  e f f o r t :  B .P .  2 8 0 /1 5 0
■H yper tens ive  h e a r t  d i s e a s e :
: s l i g h t  c a r d i a c  e n l a r g e m e n t :
B .P .  2 2 0 /1 2 0
C.T.
i n  





1 3 . 0
1 3 . 4
1 4 . 0
1 0 .4  
1 4 . 2
1 7 . 0
(9 t e s t s  i n  8 c a s e s ,  mean r e a d i n g  1 2 . 8  s e c o n d s . )
TABLE VI.
C i r c u l a t i o n  Time i n  Organic D i s e a s e  w i th o u t  f u n c t i o n a l  i n c a p a c i t y .







| i n  
j s e c s
j




t e n c e
h e a r t d i s e a s e ; m i t r a l incom pe-
; 6 .2
314 : Ml2 C o n g e n i t a l  h e a r t  d i s e a s e  
a u r i c u l a r  septum
; p a t e n t i n t e r -
j 8 . 0
315 ; M17 1■ Rheum at ic h e a r t d i s e a s e ; m i t r a l s t e n o s i s : 9 . 2
316 ; P30 Rheum at ic h e a r t d i s e a s e ; m i t r a l s t e n o s i s 11 1 . 4
317
i
: F44 Rheum at ic
t e n c e
h e a r t d i s e a s e ; m i t r a l incom pe-
1 2 . 0
318 P26 R heum at ic h e a r t d i s e a s e ; m i t r a l s t e n o s i s 1 3 . 0
319
|
M17 C o n g e n i t a l  h e a r t  d i s e a s e  
s t e n o s i s
; p u lm o n ary




F47 R heum at ic h e a r t d i s e a s e ; m i t r a l s t e n o s i s 1 5 . 6
j 321
j
F32 ; Rheum at ic h e a r t d i s e a s e ; m i t r a l s t e n o s i s 1 4 . 0
| 322
i
M21 Rheum at ic  
: t e n c e
h e a r t d i s e a s e ; m i t r a l incom pe-
1 5 . 0
| 323 | M62 |  Rheum at ic h e a r t d i s e a s e ; m i t r a l s t e n o s i s 1 5 . 0
| 324 j  M16
i
^Rheumatic h e a r t  
|  i n c o m p e te n c e
d i s e a s e ; m i t r a l and a o r t i c
1 5 . 6
j 325
i
F48 jRheumatic  h e a r t  d i s e a s e ;  
i  and a o r t i c  i n c o m p e te n c e
m i t r a l s t e n o s i s
1 5 . 6

















s e c s
F21 j Rheum at ic  h e a r t  d i s e a s e ;  m i t r a l  incom pe-  
j t e n c e ; 1 6 .4
| ( t>) S u b a c u te  b a c t e r i a l  e n d o c a r d i t i s  
I | a f t e r  a p p a r e n t  c u r e  by p e n i c i l l i n .; i
] F29 ; M i t r a l  s t e n o s i s  and  a o r t i c  in c o m p e te n c e ;  
j ! one month a f t e r  c e s s a t i o n  of  t r e a t m e n t 9 . 4
F18 ; C o n g e n i t a l  s u b a o r t i c  s t e n o s i s ;  two months
a f t e r  t r e a t m e n t  9 .8
| F24 ; M i t r a l  i n c o m p e te n c e ;  one month  a f t e r  
1 1 t r e a t m e n t 10.6
Two months  a f t e r  t r e a t m e n t
|F25  | C o n g e n i t a l  p u lm o n ary  s t e n o s i s ;  t h r e e  
months  a f t e r  t r e a t m e n t
M31 M i t r a l  i n c o m p e te n c e ;  18 months  a f t e r  
t r e a t m e n t
12.0
! 11.8
1 2 . 0
SM32 !M i t r a l  s t e n o s i s  and a o r t i c  i n c o m p e t e n c e ;  j 
! ! 15 months  a f t e r  t r e a t m e n t  1 1 2 .2
|M40 M i t r a l  in c o m p e te n c e ;  15 months  a f t e r  
I t r e a t m e n t 1 2 . 6
F19 M i t r a l  i n c o m p e te n c e ;  8 m onths  a f t e r  
: t r e a t m e n t 1 6 . 0
TABLE VII . 53 .









A cu te  r h e u m a t is m  4 months  p r e v i o u s l y  w i t h  
p o l y a r t h r i t i s  b u t  no c l i n i c a l  e v i d e n c e  o f  
c a r d i t i s *  r e - e x a m i n e d  and  f o u n d  t o  hav e  
l o u d  m i t r a l  s y s t o l i c  murmur an d  i n c r e a s e d  
s e d i m e n t a t i o n  r a t e :  s u b a c u t e  r h e u m a t i c
c a r d i t i s :  a p y r e x i a l
M15 Acute  rh e u m a t ism  i n  q u i e s c e n t  p h r a s e  o f  
p o l y c y c l i c  c o u r s e :  c e n t r a l  s y s t o l i c
murmur and i n c r e a s e d  s e d i m e n t a t i o n  r a t e :  
s u b a c u t e  r h e u m a t i c  c a r d i t i s :  a p y r e x i a l
13 days  l a t e r :  r e a c t i v a t i o n  o f  c a r d i t i s :





s e c s
337 i F14
4 days  l a t e r :  r e a c t i v a t i o n  o f  c a r d i t i s :




A cute  rh eu m a t ism  i n  q u i e s c e n t  p h a s e :  s o f t  
m i t r a l  s y s t o l i c  murmur: s l i g h t  i n c r e a s e  in i  
s e d i m e n t a t i o n  r a t e :  s u b a c u t e  r h e u m a t i c  j
c a r d i t i s : a p y r e x i a l  9 . 0
7 . 6
R e c u r r e n c e  of  a c u t e  r h e u m a t i s m :  a o r t i c  and ; 
m i t r a l  i n c o m p e te n c e :  n o d u l e s  on e lbows and.  
a n k l e s :  s e d i m e n t a t i o n  r a t e  s l i g h t l y  i n ­
c r e a s e d :  s u b a c u t e  r h e u m a t i c  c a r d i t i s :  
a p y r e x i a l  ; 1 0 .2
C o n v a l e s c e n t  f rom a c u t e  r h e u m a t i c  c a r d i t i s : 1 
m i t r a l  s y s t o l i c  murmur: s e d i m e n t a t i o n  r a t e  
n o rm a l :  a p y r e x i a l  ; 1 0 .3
340 iM18 ;C o n v a l e s c e n t  f rom  a c u t e  r h e u m a t i c  c a r d i t i s :
| ! a o r t i c  in c o m p e te n c e  and m i t r a l  s y s t o l i c
murmur: s e d i m e n t a t i o n  r a t e  norma} a p y r e x i a l  1 3 . 6
54 .
TABLE VII.  ( c o n t d . )
j !
Case 1 Sex  | 
No. i and  ; 
j Age |
REMARKS. C.T.
i n  





R e c u r r e n c e  of  a c u t e  r h e u m a t i s m :  a o r t i c  
in c o m p e te n c e  and m i t r a l  s y s t o l i c  murmur: 
h i g h  s e d i m e n t a t i o n  r a t e ;  a u r i c u l a r  
f i b r i l l a t i o n  bu t  no c o n g e s t i v e  f a i l u r e ;  
a p y r e x i a l 1 7 . 0
I
j A f t e r  10 days  d i g i t a l i s a t i o n 1 2 . 0
1______ .J..........
A f t e r  a f u r t h e r  3 days  d i g i t a l i s a t i o n
i
___ ..... . ... ................ ...... ..
1 0 .4













(A) P r e d o m i n a n t l y  l e f t  v e n t r i c u l a r  f a i l u r e .
M52 E x e r t i o n a l  d y sp n o ea :  a o r t i c  i n c o m p e te n c e :  
s p e c i f i c  a o r t i t i s
M63 E x e r t i o n a l  d y sp n o ea  s i n c e  an  a t t a c k  o f  r e ­
t r o s t e r n a l  p a i n  a month p r e v i o u s l y ;  
a r t e r i o s c l e r o s i s ;  h y p e r t e n s i v e  h e a r t  
d i s e a s e : l e f t  b u n d le  b r a n c h  b l o c k
A f t e r  a w ee k ’ s r e s t ,  no d y sp n o ea
REMARKS.
M55 O r th o p n o e a  s i n c e  c o r o n a r y  t h r o m b o s i s  10 
days  p r e v i o u s l y
M52 O r th o p n o e a ;  h y p e r t r o p h y  o f  l e f t  v e n t r i c l e ;  i 
c h r o n i c  n e p h r i t i s ;  h y p e r t e n s i v e  h e a r t  
d i s e a s e
i
i; j
M36 j E x e r t i o n a l  d y s p n o e a ;  oedema o f  a n k l e s :
| m a l i g n a n t  h y p e r t e n s i o n ;  h y p e r t e n s i v e  h e a r t  
! d i s e a s e  w i t h  f a i l u r e  s p r e a d i n g  t o  r i g h t  




1 5 . 8
1 6 .1  ! 
12.6
1 6 . 8  | 
1 6 . s  :
f
1 8 . 0  :
347 M71 E x e r t i o n a l  d y sp n o ea  and I n t e r m i t t e n t
i c l a u d i c a t i o n :  a r t e r i o s c l e r o s i s :  
m y o c a r d i a l  i s c h a e m i a 1 8 . 6
TABLE V I II .  ( c o n t d . )
| Case ; Sex 
| No. and
| i Age
















! Dyspnoea o f  i n c r e a s i n g  s e v e r i t y  f o r  p a s t  
y e a r ,  now o r t h o p n o e a ;  B .P .  1 8 0 /1 1 0 ;
j h y p e r t e n s i v e  h e a r t  f a i l u r e .
j
| A f t e r  9 d ay s  r e s t ;  o r t h o p n o e a  l e s s  m arked ;
S B .P .  1 5 0 /9 5
i
; A f t e r  a f u r t h e r  6 d a y s ;  up a l i t t l e  w i t h -
j ou t  d y sp n o e a ;  g e n e r a l  im provem en t ;
| B .P .  1 5 0 /1 0 0
Dyspnoea and  d y s p h a g i a ;  aneu rysm  o f  t h e  
a s c e n d i n g  a r c h  of  t h e  a o r t a ;  c a r d i o r a o r t i c  
s y p h i l i s ;  l e f t  v e n t r i c u l a r  f a i l u r e .
B .P .  1 6 5 /7 0
A f t e r  7 d a y s  r e s t ;  I .  S. Q.
E x e r t i o n a l  d y sp n o e a ;  B .P .  1 7 0 /1 0 5 ;  
h y p e r t e n s i v e  h e a r t  f a i l u r e
E x e r t i o n a l  d y s p n o e a :  B .P .  1 5 0 /8 0 ;  l e f t  
v e n t r i c u l a r  f a i l u r e  f o l l o w i n g  c o r o n a r y  
th r o m b o s i s
E x e r t i o n a l  d y s p n o ea  and r e t r o s t e r n a l  p a i n ;
B .P .  1 1 5 /7 5 ;  a r t e r i o s c l e r o t i c  h e a r t  
d i s e a s e
I
jO r th o p n o e a ;  c a r d i o - v e n a l  d i s e a s e :
B .P .  2 6 0 / 1 4 5 ^ h y p e r t e n s i v e  h e a r t  f a i l u r e
A f t e r  6 days  t r e a t m e n t ;  no o r t h o p n o e a ;
B .P .  2 2 0 /1 3 0 ;  g e n e r a l  im provement
E x e r t i o n a l  d y sp n o ea ;  B .P .  2 2 0 /1 3 0 ;  
h y p e r t e n s i v e  f a i l u r e .
E x e r t i o n a l  d y s p n o e a :  a o r t i c  incom pe­
t e n c e ;  B .P .  1 2 0 /7 0 ;  l e f t  v e n t r i c u l a r  
f a i l u r e
C.T.
i n  
s e c s .
1 9 . 0
1 8 . 0
1 5 .2
11 9 . 0
* 2 0 . 2
i
j 20.0
| 2 0 . 0
f'
i
I 2 2 . 0
|
| 2 2 . 4  j
1
| ?




! 2 3 . 0  I 
2 3 . 4
56 .
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359 j F 7 i
I
j
360  ! M48
Dyspnoea o f  i n c r e a s i n g  s e v e r i t y  f o r  s e v e r a l :  
y e a r s :  a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e
A f t e r  11 days  r e s t :  I .  S. f4 .
E x e r t i o n a l  d y s p n o e a ;  B .P .  1 4 0 /8 0 :  
a r t e r i o s c l e r o t i c  h e a r t  d i s e a s e
E x e r t i o n a l  d y sp n o e a :  B .P .  2 0 0 /1 3 0 ;  
h y p e r t e n s i v e  h e a r t  f a i l u r e
E x e r t i o n a l  dyspnoea*. B .P .  1 9 0 /1 3 0 ;  p a s t  
c o r o n a r y  t h r o m b o s i s ;  l e f t  v e n t r i c u l a r  
f a i l u r e
E x e r t i o n a l  d y s p n o e a ;  B .P .  2 0 0 /1 6 0 ;  
h y p e r t e n s i v e  h e a r t  f a i l u r e
C.T.
i n  
s e c s .
2 6 . 5  i
2 5 . 5  !
2 6 . 8
2 7 . 0
3 0 . 0
3 5 . 0
361
(B) P r e d o m i n a n t l y  r i g h t  v e n t r i c u l a r  f a i l u r e ;
M62 ; Oedema of  l e g s ’; B .P .  2 0 0 /1 1 0 ;
| r i g h t  h e a r t  f a i l u r e  f o l l o w i n g  h y p e r t e n s i v e !
I f a i l u r e  ' 1 2 . 3
A f t e r  14 d a y s ;  oedema more s e v e r e ;  
a s c i t e s :  o i i g u r a ;  B .P .  1 6 0 /1 1 0 ! 1 6 . 8
j 362 I P68
363
364
P r e v i o u s  d y sp n o e a  much im proved  b u t  j
oedema o f  l e g s  i n c r e a s i n g :  c e r v i c a l v e i n s  !
f u l l ;  B .P .  1 6 0 /1 1 0 ;  r i g h t  h e a r t  f a i l u r e  
f o l l o w i n g  h y p e r t e n s i v e  f a i l u r e  o f  l e f t  I
h e a r t  I 1 3 . 0
iP63 j E x e r t i o n a l  d y s p n o e a ;  oedema o f  a n k l e s  and I 
| lu m b ar  pad :  c e r v i c a l  v e i n s  f u l l :  B .P .  j
j 210/140.* Hb 6Q%; r i g h t  h e a r t  f a i l u r e  j
f o l l o w i n g  h y p e r t e n s i v e  f a i l u r e :  a n aem ia  1 1 4 .0
M50 Oedema o f  l e g s ;  m o d e r a t e  a s c i t e s ;  B .P .
1 5 0 / 9 0 .’m y o c a r d i a l  f a i l u r e  f rom p r e v i o u s  
c o r o n a r y  s c l e r o s i s  1 4 . 4








M50 | A f t e r  11 days  t r e a t m e n t ;  oedema g one ;  




E x e r t i o n a l  d y s p n o e a ;  oedema o f  l e g s  much 
d i m i n i s h e d  a f t e r  t r e a t m e n t  h u t  s t i l l  
p r e s e n t ;  B .P .  1 6 0 /1 1 0 ;  r i g h t  h e a r t  
f a i l u r e  f o l l o w i n g  h y p e r t e n s i v e  f a i l u r e
R e s i d u a l  h e p a t i c  e n l a r g e m e n t  f ro m  o ld  
p e r i c a r d i t i s ;  t e s t  a f t e r  p e r i c a r d i e c t -  
omy
E x e r t i o n a l  d y s p n o e a ;  oedema o f  a n k l e s :  
l i v e r  s l i g h t l y  e n l a r g e d ;  r h e u m a t i c  
h e a r t  d i s e a s e
368 iM50 E x e r t i o n a l  d y sp n o e a :  s a c r a l  oedema;
e a r l y  a s c i t e s :  c a r d i a c  e n i a r g m e n t  on 
X - ra y ;  emphysema; r i g h t  h e a r t  f a i l u r e :
j Hc o r  p u l m o n a l e 1*
369 F59 | E x e r t i o n a l  d y s p n o e a ;  oedema o f  a n k l e s ;
j c e r v i c a l  v e i n s  f u l l ;  a u r i c u l a r  f i b r i l -  
j l a t i o n ;  B .P .  1 6 0 / 9 0  r i g h t  h e a r t  f a i l u r e  
! f o l l o w i n g  h y p e r t e n s i v e  f a i l u r e
370 IP25 | E x e r t i o n a l  d y s p n o e a ;  c o n v a l e s c e n t  f rom
I c o n g e s t i v e  f a i l u r e ;  no oedema now;
| r h e u m a t i c  h e a r t  d i s e a s e
371 |M59 l E x e r t i o n a l  d y s p n o e a :  oedema o f  l e g s ;
| 1 a s c i t e s ;  l i v e r  e n l a r g e d  and  p u l s a t i n g ;
372 M43
emphysema: r i g h t  h e a r t  f a i l u r e :  
p u lm o n a le
c o r
A f t e r  7 days  t r e a t m e n t :  oedema d i m i n i s h e d ;
l i v e r  m o d e r a t e l y  e n l a r g e d  s t i l l
O r th o p n o e a :  oedema o f  a n k l e s ;  c e r v i c a l  
v e i n s  f u l l :  a u r i c u l a r  f i b r i l l a t i o n :  
r h e u m a t i c  h e a r t  d i s e a s e
C.T.
i n
s e c s
| 9 . 8
I 1 4 . 6  
; 1 5 .0  
■ 1 6 . 0
1 7 . 0
1 7 .5  
: 1 8 . 0
1 8 .2
1 5 .8
1 8 . 6
A f t e r  7 days  t r e a t m e n t :  no oedema: 
h e a r t  r a t e  c o n t r o l l e d  by d i g i t a l i s 1 2 . 2













M54 E x e r t i o n a l  d y s p n o e a ;  l u m b a r  oedema;
c e r v i c a l  v e i n s  f u l l ;  b r o n c h i e c t a s i s ;
, r i g h t  h e a r t  f a i l u r e  " c o r  p u lm o n a le "
j A f t e r  11 days  t r e a t m e n t ;  g e n e r a l  
im provement
M23 ; O r th o p n o e a ;  lu m b ar  oedema; c e r v i c a l  v e i n s  
I f u l l : a u r i c u l a r  f i b r i l l a t i o n ;  r h e u m a t i c  
I h e a r t  d i s e a s e
F35 ; E x e r t i o n a l  d y s p n o e a ;  oedema o f  l e g s ;
s a c r a l  p a d : c e r v i c a l  v e i n s  f u l l ;  l i v e r  
J e n l a r g e d ;  r h e u m a t i c  h e a r t  d i s e a s e
| A f t e r  7 d a y s  t r e a t m e n t ;  l e s s  oedema
i
| A f t e r  a f u r t h e r  7 d a y s ;  no oedema;
| l i v e r  much s m a l l e r ;  g e n e r a l  im provem ent
M38 j E x e r t i o n a l  d y s p n o e a ;  oedema o f  a n k l e s  '
• e n l a r g e d  l i v e r ;  a u r i c u l a r  f i b r i l l a t i o n ;
! c o n t r o l l e d  by d i g o x i n ;  r h e u m a t i c  h e a r t  
■ d i s e a s e
F43 ;E x e r t i o n a l  d y s p n o e a ;  oedema o f  l e g s ;
- c e r v i c a l  v e i n s  f u l l ;  a u r i c u l a r  f i b r i l l a -  
I t i o n ;  r h e u m a t i c  h e a r t  d i s e a s e
F52 ;R e c o v e r i n g  f rom  c o n g e s t i v e  f a i l u r e ;  l i v e r  
| s t i l l  m o d e r a t e l y  e n l a r g e d ;  no oedema; 
i a u r i c u l a r  f i b r i l l a t i o n  p a r t i a l l y  c o n -  
1 t r o l l e d  by d i g i t a l i s :  r h e u m a t i c  h e a r t  
d i s e a s e
A f t e r  a f u r t h e r  4 days  t r e a t m e n t
M65 E x e r t i o n a l  d y s p n o e a ;  oedema o f  a n k l e s ;
c e r v i c a l  v e i n s  f u l l ;  c o n g e s t i v e  f a i l u r e  
i n  r e l a p s e d  p e r n i c i o u s  a n a em ia ;  Hb 80%
A f t e r  3 weeks a t  w ork ,  ( r e f u s e d  t o  e n t e r  
ward)  oedema more s e v e r e ;  l i v e r  g r e a t l y  
e n l a r g e d
C.T .
i n  
s e c s .
2 0 . 2
, 1 3 . 0
I 2 1 . 2
2 1 . 5  
; 1 8 . 2
1 2 .9
j 2 2 . 5
| 2 3 . 4
j




2 4 . 0  !
2 5 . 0



















A s c i t e s :  c e r v i c a l  v e i n s  f u l l :  a u r i c u l a r  
f i b r i l l a t i o n :  r h e u m a t i c  h e a r t  d i s e a s e :
Oedema o f  l e g s ;  s a c r a l  pad :  c e r v i c a l  v e i n s  
f u l l - ' l i v e r  m o d e r a t e l y  e n l a r g e d :  r h e u m a t i c  
h e a r t  d i s e a s e
F38 | E x e r t i o n a l  d y s p n o e a :  c e r v i c a l  v e i n s  f u l l ;
! l i v e r  m o d e r a t e l y  e n l a r g e d :  B .P .  2 1 0 /1 4 0 :  
r h e u m a t i c  h e a r t  d i s e a s e  and h y p e r t e n s i v e  
f a i l u r e
F36 j  Oedema o f  l e g s :  c e r v i c a l  v e i n s  f u l l ;





c o n g e s t i v e  f a i l u r e
E x e r t i o n a l  d y s p n o e a :  oedema o f  l e g s ;  
a u r i c u l a r  f i b r i l l a t i o n :  r h e u m a t i c  h e a r t  
d i s e a s e
Oedema of  a n k l e s :  c e r v i c a l v e i n s  f u l l ;  
a u r i c u l a r  f l u t t e r  c h an g ed  t o  a u r i c u l a r  
f i b r i l l a t i o n  as  a r e s u l t  o f  t r e a t m e n t
A f t e r  7 d a y s :  r e t u r n  t o  n o rm a l  rh y th m
E x e r t i o n a l  d y s p n o e a ;  oedema o f  l e g s ;  
s a c r a l  p ad ;  c e r v i c a l  v e i n s  f u l l ;  
o l i g u r i a :  a u r i c u l a r  f i b r i l l a t i o n :  
r h e u m a t i c  h e a r t  d i s e a s e
A f t e r  3 weeks t r e a t m e n t :  no oedema; 
u r i n a r y  o u t p u t  n o rm a l ;  h e a r t  r a t e  co n -  
i t r o l l e d  by  d i g i t a l i s
O r th o p n o e a ;  c e r v i c a l  v e i n s  f u l l s  no 
oedema:  a u r i c u l a r  f i b r i l l a t i o n :  
r h e u m a t i c  h e a r t  d i s e a s e
M48 -O r th o p n o e a ;  oedema o f  l e g s ;  c e r v i c a l  
j v e i n s  f u l l ;  s p e c i f i c  a o r t i t i s  w i t h  
j  a o r t i c  i n c o m p e te n c e ;  r i g h t  h e a r t  f a i l u r e  
f o l l o w i n g  l e f t  v e n t r i c u l a r  f a i l u r e
M70 |O r th o p n o e a :  oedema of  l e g s ;  c e r v i c a l  
| v e i n s  f u l l s  m y o c a r d i c a l  f a i l u r e  f ro m  
! p r e v i o u s  c o r o n a r y  t h r o m b o s i s
C.T.  j 
i n  I 
s e c s .
2 4 . 2
2 5 . 0
2 5 . 2
2 6 . 4
2 9 . 0
2 9 . 0
22.0
3 0 . 8
12.0
3 3 . 0
3 5 . 0





I n  s e l e c t i n g  t h e o p h y l l i n e - e t h y l e n e d i a m i n e  a s  a n  a g e n t  
f o r  t h e  m easu re m en t  o f  b lo o d  c i r c u l a t i o n  t i m e ,  K o s t e r  and  
S a r n o f f  (1943)  d i d  s o  b e c a u s e  i t  a p p e a r e d  t o  s a t i s f y  t h e i r  
b a s i c  c o n d i t i o n s ,  w h ic h  w e r e : -
1 .  The i n j e c t e d  s u b s t a n c e  m u s t  be n o n - t o x i c  i n  t h e  d o sag e
u s e d .
2 .  The i n j e c t i o n  o f  a  s m a l l  volume of  s o l u t i o n  s h o u l d  be
s u f f i c i e n t  t o  p ro d u c e  a  good e n d - p o i n t ,  s o  t h a t  t h e  
i n j e c t i o n  t im e  i s  n e g l i g i b l e  i n  c o m p a r i s o n  w i t h  t h e  
t o t a l  c i r c u l a t i o n  t i m e .
3 .  The e n d - p o i n t  s h o u l d  be s h a r p  and  r e l i a b l e .
4 .  The e n d - p o i n t  s h o u l d  be o b j e c t i v e  i n  o r d e r  t o  e l i m i n a t e
e r r o r s  i n  u n r e l i a b l e  o r  u n c o - o p e r a t i v e  p a t i e n t s .
5 .  The e n d - p o i n t  s h o u l d  be d e t e c t a b l e  w i t h o u t  t h e  u s e  o f
e l a b o r a t e  a p p a r a t u s .
6 .  The a g e n t  i t s e l f  s h o u l d  be r e a d i l y  a v a i l a b l e .
I n  v ie w  of  t h e  e x t e n s i v e  t r i a l  w h ic h  h a s  b e e n  d e s c r i b e d  
i n  t h e  p r e c e d i n g  s e c t i o n ,  i t  i s  now p o s s i b l e  t o  j u s t i f y  t h e  
s e l e c t i o n  o f  t h i s  m e thod  i n s o f a r  a s  i t  m e e t s  t h e s e  b a s i c  
r e q u i r e m e n t s .  Out o f  433 t e s t s  i n  359 c a s e s ,  t h e r e  was no 
d a n g e r o u s  r e a c t i o n ,  b u t  a  few e x c i t a b l e  s u b j e c t s  w ere  some­
what  u p s e t  by  t h e  t e s t ,  and  e i g h t  c o n f i r m e d  p s y c h o n e u r o t i c s  
showed s i g n s  of  a  v i o l e n t  e m o t i o n a l  d i s t u r b a n c e  l a s t i n g  f o r  
a b o u t  t e n  m i n u t e s . The recommended d o se  o f  1 . 0  c . c .  of
62.
c a r d o p h y l i n  c a n  be i n j e c t e d  w i t h i n  one s e c o n d ,  s o  t h a t  t h e  
i n j e c t i o n - t i m e  i s  a l m o s t  c o n s t a n t ,  and  t h i s  dose  p r o d u c e s  a 
good e n d - p o i n t  i n  a l m o s t  e v e r y  c a s e . The a d e q u a c y  of  t h e  
d o s a g e  was c o n f i r m e d  by R u s k i n  an d  R o c k w e l l  ( i y 4 5 ) ,  who were  
i n v e s t i g a t i n g  t h e  i n f l u e n c e  of  d o s a g e  i n  s e v e r a l  m e th o d s  of  
b l o o d  c i r c u l a t i o n  t im e  m e a s u re m e n t :  t h e y  f o u n d  t h a t  d o s e s
o f  t h e o p h y l l i n e - e t h y l e n e d i a m i n e  b e tw e e n  0 , 1 2  -  0 . 2 4  gm. 
( c o r r e s p o n d i n g  t o  0 . 5  -  1 . 0  c . c .  of  c a r d o p h y l i n )  p r o d u c e d  a l ­
m o s t  c o n s t a n t  r e s u l t s ,  and  a l s o  t h a t  s u b o p t i m a l  d o s e s  o f  t h i s  
s u b s t a n c e  p ro d u c e d  l e s s  l e n g t h e n i n g  o f  c i r c u l a t i o n  t i m e  t h a n  
d i d  t h o s e  o f  s u b j e c t i v e l y  a p p r e c i a t e d  d r u g s .  I t  h a s  b e e n  
e m p h a s i s e d  t h a t  t h e  f i r s t  o b s e r v a b l e  ch an g e  m ust  be t a k e n  a s  
t h e  e n d - p o i n t ,  f o r  t h e  d r a m a t i c  g a s p ,  a l t h o u g h  i t  i s  u s u a l ,  
i s  n o t  a lw a y s  s e e n :  a s w a l lo w in g  m ovement ,  a  s u d d e n  change
i n  f a c i a l  e x p r e s s i o n  o r  a  s h a r p  c a t c h  i n  t h e  b r e a t h  d u r i n g  
e x p i r a t i o n  c o n s t i t u t e s  a n  e q u a l l y  r e l i a b l e  e n d - p o i n t  -  and  
i s  c o n f i r m e d  by a g a s p ,  a s e c o n d  o r  two l a t e r ,  i n  t h e  m a j o r ­
i t y  of  s u c h  c a s e s .  I n  o n ly  4 o u t  o f  t h e  435 t e s t s  r e c o r d e d  
was t h e r e  an y  d i f f i c u l t y  i n  r e c o g n i s i n g  t h e  e n d - p o i n t ,  and  
o n l y  one t e s t  had  t o  be d i s c a r d e d  b e c a u s e  a n  e n d - p o i n t  c o u l d  
n o t  be o b t a i n e d .
I n  a d d i t i o n  t o  m e e t i n g  t h e  r e q u i r e m e n t s  e n u m e r a t e d  by 
K o s t e r  and  S a r n o f f ,  t h e  t e s t ,  i f  i t  i s  t o  be c o n s i d e r e d  t o  be 
r e l i a b l e ,  m ust  g i v e  c o n s i s t e n t  r e s u l t s  i n  a n y  one n o rm a l  
i n d i v i d u a l , a n d  a p p r o p r i a t e  r e s u l t s  i n  i n d i v i d u a l s  s u f f e r i n g
63.
■from d i s o r d e r s  w h ich  a r e  known t o  a f f e c t  t h e  c i r c u l a t i o n  t im e .
The r e s u l t s  o f  d u p l i c a t e ,  t e s t s  i n  a  g ro u p  o f  50 n o rm a l  
s u b j e c t s  showed v e r y  c l o s e  a g r e e m e n t , t h e  maximum d i f f e r e n c e  
b e t w e e n  a n y  two t e s t s  was 2 . 6  s e c o n d s , a n d  t h e  a v e r a g e  d i f f e r ­
e n c e  was o n l y  1 . 1  s e c o n d s :  t h i s  i s  w i t h i n  p h y s i o l o g i c a l  l i m i t s ,  
a s  shown b y  S t e w a r t  ( 1 9 2 1 ) ,  b e c a u s e  t h e  i n j e c t e d  s u b s t a n c e  
may e n t e r  t h e  r i g h t  v e n t r i c l e  i m m e d i a t e l y  a f t e r  s y s t o l e  a n d  
b e  h e l d  t h e r e  f o r  a l m o s t  a  s e c o n d , i f  t h e  h e a r t  r a t e  i s  60 ,  
a n d  t h e r e  may b e  a  s i m i l a r  d e l a y  i n  t h e  l e f t  v e n t r i c l e , s o  
t h a t  t h e  t o t a l  d e l a y  may b e  c l o s e  on  two s e c o n d s .
T h e re  i s  c o n s i d e r a b l e  d i f f e r e n c e  o f  o p i n i o n  i n  t h e  l i t e r ­
a t u r e  on  t h e  i n f l u e n c e  o f  ag e  on t h e  b l o o d  c i r c u l a t i o n  t i m e ,  
b u t , a s  a  r e s u l t  o f  a  c a r e f u l  i n v e s t i g a t i o n ,  G-ibson a n d  Evans  
(1 9 3 7 )  c o n c l u d e  t h a t  t h e r e  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  
b e t w e e n  t h e  t w o , a n d  o u r  r e s u l t s  s u p p o r t  t h i s  v i e w  f o r  a d u l t  
p a t i e n t s .  However,we f o u n d  a  r e d u c t i o n  i n  c i r c u l a t i o n  t i m e  
i n  c h i l d r e n  a n d  a d o l e s c e n t s :  t h i s  may b e  d u e , i n  p a r t , t o  a 
p r o b a b l e  o v e r d o s a g e  o f  c a r d o p h y l i n  -  s i n c e  i t  i s  d i f f i c u l t  t o  
m e a s u re  a c c u r a t e l y  f r a c t i o n s  o f  1 . 0  c.  c.  o f  s o l u t i o n  -  a n d ,  i n  
p a r t , t o  t h e  i n c r e a s e d  r e l a t i v e  s t r e n g t h  o f  t h e  p u lm o n a ry  c i r c ­
u l a t i o n  i n  c h i l d h o o d .
A p a r t  f ro m  d i s e a s e , t h e  c i r c u l a t i o n  t i m e  i s  i n f l u e n c e d  
b y  e x e r c i s e , a  f a c t  w h ich  h a s  b e e n  c o n f i r m e d  b y  many w o r k e r s  
i n c l u d i n g  B oo thby  a n d  R y n e a r s o n  ( 1 9 3 7 ) :  i n a c c u r a c i e s  f ro m  
t h i s  s o u r c e  may b e  e l i m i n a t e d  b y  r e s t i n g  t h e  p a t i e n t  b e f o r e  
p e r f o r m i n g  t h e  t e s t .  P o s t u r e  a l s o  a f f e c t s  t h e  r e s u l t , a n d
6 4  •
W ilb u rn e  (1942)  h a s  shown t h a t  t h e  n o r m a l  s u b j e c t  h a s  a  
h i g h e r  c i r c u l a t i o n  t im e  when s i t t i n g  w i t h  t h e  l e g s  d e p e n d e n t  
t h a n  when r e c u m b e n t ,  w h e rea s  t h e  s u b j e c t  w i t h  c o n g e s t i v e  
h e a r t  f a i l u r e  h a s  a l o w e r  r e a d i n g  when s i t t i n g  w i t h  t h e  l e g s  
d e p e n d e n t ;  s u c h  d i s c r e p a n c i e s  were a v o i d e d  i n  t h e  c a r d o p h y ­
l i n  t r i a l  Dy m ak in g  e a c h  m e a su re m e n t  w i t h  t h e  p a t i e n t  recum ­
b e n t .  H e i n g o l d ,  Meuwelt  and  H e c h e le s  ( 1 9 4 2 ) ,  u s i n g  t h e
c y a n i d e  m e th o d ,  f o u n d  t h a t  t h e  m e a su re m e n t  v a r i e d  a p p r e c i ­
a b l y  w i t h  f a s t i n g  an d  t h e  t a k i n g  of  m e a l s ;  i n  o u r  i n v e s t i ­
g a t i o n  a n  a t t e m p t  was made t o  m i n i m i s e  s u c h  v a r i a t i o n s  by 
p e r f o r m i n g  t h e  t e s t ,  i n  ward p a t i e n t s ,  b e tw e e n  two and  f o u r  
h o u r s  a f t e r  a m e a l :  t h e  same c o n d i t i o n s  p r o b a b l y  a p p l i e d  t o
m o s t  t e s t s  i n  o u t - p a t i e n t s ,  an d  t h e  c l o s e  a g r e e m e n t  b e tw e e n  
d u p l i c a t e  r e a d i n g s  s u g g e s t s  t h a t  t h e  a t t e m p t  was s u c c e s s f u l .
The d i s e a s e s  w h ic h  a r e  m o s t  l i k e l y  t o  a f f e c t  t h e  c i r c u -
/
l a t i o n  t im e  a r e  f e v e r s ,  d i s o r d e r s  of  t h e  b l o o d ,  d i s o r d e r s  o f  
t h e  t h y r o i d  g l a n d  a f f e c t i n g  m e t a b o l i s m ,  a n d  c a r d i o v a s c u l a r  
c o n d i t i o n s .
I n  a  s t u d y  of  b l o o d  v e l o c i t y  i n  h y p e r p y r e x i a ,  K i s s i n  a n d  
B ie rm an  (1933)  f o u n d  t h a t  t h e  c i r c u l a t i o n  t im e  d i m i n i s h e d  a s  
t h e  body t e m p e r a t u r e  i n c r e a s e d ,  an d  t h a t  t h e r e  was a r o u g h  
i n v e r s e  r e l a t i o n s h i p  b e tw e e n  t h e  tw o :  Kopp (1936 a  and  b)
h ad  s i m i l a r  f i n d i n g s  and  a l s o  o b s e r v e d  (1936 a )  t h a t  f o r  t h e  
same t e m p e r a t u r e  i n c r e a s e ,  a p a t i e n t  w i t h  a o r t i c  i n c o m p e t e n c e ,  
b u t  w i t h o u t  h e a r t  f a i l u r e ,  s u f f e r e d  a g r e a t e r  r e d u c t i o n  i n
65.
c i r c u l a t i o n  t im e  t h a n  a s i m i l a r  p a t i e n t  w i t h  a n o r m a l  h e a r t .  
S i n c e  t h e  a d v e n t  o f  i n t e n s i v e  c h e m o th e r a p y ,  p y r e x i a  of  any 
a p p r e c i a b l e  d e g r e e  i s  se ldom  s e e n  I n  a n  o r d i n a r y  h o s p i t a l ,  
hen ce  I t  was i m p o s s i b l e  t o  t e s t  t h e  c a r d o p h y l i n  m e thod  i n  
t h i s  c o n d i t i o n ;  h o w e v e r ,  two c a s e s  i n  t h e  r h e u m a t i c  c a r d i t i s  
g r o u p  had  m i l d  e l e v a t i o n s  o f  t e m p e r a t u r e  (T a b le  v l l )  w h ich  
may have  c o n t r i b u t e d  t o  t h e i r  low c i r c u l a t i o n  t im e  r e a d i n g s .
The r e d u c t i o n  of  t h e  c i r c u l a t i o n  t im e  i n  a n a em ia  h a s  b e e n  
d e s c r i b e d  by  a l m o s t  e v e r y  w o r k e r  q u o t e d  i n  s e c t i o n  o n e ,  an d  
t h e  r e d u c t i o n  i s  t o  be e x p e c t e d  on p h y s i o l o g i c a l  g r o u n d s ,  f o r  
t h e  c o m p e n s a to ry  m echan ism  w h ereb y  t h e  d e f i c i e n c y  o f  haemo­
g l o b i n  i s  m i n i m i s e d  by  a n  i n c r e a s e  i n  t h e  m i n u t e  o u t p u t  o f  t h e  
h e a r t  n e c e s s i t a t e s  a n  i n c r e a s e  i n  b l o o d  v e l o c i t y  and  h en ce  a 
r e d u c t i o n  i n  t h e  c i r c u l a t i o n  t i m e .  The r e s u l t s  o f  o u r  t e s t s
i n  an aem ia  and p o l y c y t h a e m i a ,  shown i n  T a b l e  IV, c o n f i r m  t h a t  
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t h e  c i r c u l a t i o n  t im e  i s  r o u g h l y  p r o p o r t i o n a l  t o  t h e  haemo­
g l o b i n  c o n t e n t  o f  t h e  b l o o d .  A l t h o u g h  t h e  t e s t  i s  n o r m a l l y  
o f  l i t t l e  v a l u e  i n  t h e  d i a g n o s i s  o f  a n a e m i a ,  i t  may be h e l p ­
f u l  on o c c a s i o n ,  f o r  a n  u n e x p e c t e d l y  low r e a d i n g  -  i n  c a r d i a c  
f a i l u r e ,  f o r  e x a m p le ,  a s  i n  N o .365 i n  T a b le  V l i i  -  may be due 
t o  an ae m ia  w h ic h  h a s  n o t  b een  a p p r e c i a t e d  c l i n i c a l l y .
The d e c r e a s e  i n  c i r c u l a t i o n  t im e  i n  h y p e r t h y r o i d i s m  a l s o  
h a s  b e e n  d e s c r i b e d  by  many w o r k e r s ,  and  o u r  r e s u l t s  a r e  i n  
a g r e e m e n t .  A t y p i c a l  c a s e  o f  t h y r o t o x i c o s i s ,  u n t r e a t e d ,  h a s  
a  c a r d o p h y l i n  c i r c u l a t i o n  t im e  of  7 . 0  s e c o n d s  o r  l e s s ,  an d  
t h i s  i n c r e a s e s  w i t h  t r e a t m e n t ,  i n  p a r a l l e l  w i t h  c l i n i c a l  im­
p r o v e m e n t ;  h o w e v e r ,  i f  s u c h  a c a s e  i s  c o m p l i c a t e d  by a u r i c u l a r
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f i b r i l l a t i o n ,  t h e  c i r c u l a t i o n  t im e  may be n o r m a l ,  and  i f  
o b v io u s  c a r d i a c  f a i l u r e  i s  p r e s e n t  a l s o ,  t h e  m e a su re m e n t  may 
be  a p p r e c i a b l y  i n c r e a s e d .  I n  c o m p l i c a t e d  c a s e s ,  t h e r e f o r e ,  
t h e  c i r c u l a t i o n  t im e  may be r e g a r d e d  a s  t h e  sum o f  two h y p o ­
t h e t i c a l  m e a s u re m e n t s  -  a  low r e a d i n g  due t o  h y p e r t h y r o i d i s m ,  
a n d  a  h i g h  r e a d i n g  due t o  c a r d i a c  f a i l u r e :  s i n c e  t h e  c a r d i a c
c o n d i t i o n  r e s p o n d s  t o  t r e a t m e n t  more r a p i d l y  t h a n  t h e  p r i m a r y  
d i s o r d e r ,  t h e  s e c o n d  h y p o t h e t i c a l  m ea su re m e n t  f a l l s  f a s t e r  
t h a n  t h e  f i r s t  one r i s e s ,  so  t h a t  t h e  n e t  r e s u l t  i s  a  s l i g h t  
f a l l  i n  t h e  r e c o r d e d  c i r c u l a t i o n  t i m e .
I n  m i l d  o r  e a r l y  c a s e s  of  h y p e r t h y r o i d i s m ,  t h e  r e d u c t i o n
i n  c i r c u l a t i o n  t im e  i s  l e s s  m a r k e d ,  and  t h e  r e s u l t s  o b t a i n e d
i n  o u r  t r i a l s  m ig h t  be c o n s i d e r e d  a s  low n o r m a l  r e a d i n g s ,
s i m i l a r  t o  t h o s e  o b t a i n e d ,  f o r  e x a m p le ,  i n  c a s e s  of  a n x i e t y
n e u r o s i s .  T h i s  i s  p a r t i c u l a r l y  u n f o r t u n a t e ,  s i n c e  e a r l y  
/
h y p e r t h y r o i d i s m  an d  a n x i e t y  n e u r o s i s  a r e  o f t e n  d i f f i c u l t  t o  
d i s t i n g u i s h  c l i n i c a l l y :  n e v e r t h e l e s s  we m u s t  a g r e e  w i t h  King
and  S o h v a l  (1939)  t h a t ,  i n  s u c h  b o r d e r l i n e  c a s e s ,  t h e  c i r c u ­
l a t i o n  t im e  i s  n o t  a r e l i a b l e  a i d  t o  d i a g n o s i s .
However ,  t h e  t e s t  h a s  a d e f i n i t e  p l a c e  i n  t h e  s t u d y  of  
t h y r o i d  d i s o r d e r s ,  f o r  i t  may g i v e  t h e  f i r s t  i n d i c a t i o n  o f  
d e v e l o p i n g  c a r d i a c  f a i l u r e  i n  a n  a p p a r e n t l y  s t r a i g h t f o r w a r d  
c a s e  of  t h y r o t o x i c o s i s ,  and  c o n v e r s e l y  i t  may s u g g e s t  a d i a g ­
n o s i s  o f  “masked  h y p e r th y ro id i sm * *  i n  a n  o b s c u r e  c a s e  o f  c a r d i a c  
f a i l u r e .  M o re o v e r ,  s i n c e  t h e  i n t r o d u c t i o n  o f  t h i o u r a c i l  and
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an d  i t s  d e r i v a t i v e s  h a s  l e d  t o  t h e  t r e a t m e n t  o f  many c a s e s  of  
h y p e r t h y r o i d i s m  a s  o u t - p a t i e n t s ,  t h e  t e s t  may be u s e d  a s  a n  
a d j u n c t  t o  c l i n i c a l  e x a m i n a t i o n  i n  t n e  a s s e s s m e n t  o f  t h e  
p a t i e n t ’s p r o g r e s s ,  and  i s  much more c o n v e n i e n t  t h a n  t h e  e s t i ­
m a t i o n  o f  h i s  b a s a l  m e t a b o l i c  r a t e .  The t e s t  may be u s e d  
s i m i l a r l y  i n  c a s e s  o f  myxoedema.
M easurem ent  o f  t h e  b l o o d  c i r c u l a t i o n  t im e  i s  o f  g r e a t e s t
v a l u e  i n  t h e  d i a g n o s i s  of  c a r d i o v a s c u l a r  d i s e a s e ,  h e n c e  i n
o u r  i n v e s t i g a t i o n  we gave p a r t i c u l a r  a t t e n t i o n  t o  c a s e s  i n
t h i s  c a t e g o r y .  Out o f  a  t o t a l  o f  108 t e s t s  i n  s u b j e c t s  w i t h
d e f i n i t e  c a r d i o v a s c u l a r  d i s e a s e ,  65 were made i n  t h o s e  who
p r e s e n t e d  c l i n i c a l  e v i d e n c e  o f  c a r d i a c  f a i l u r e ,  and  43 i n
t h o s e  who p r e s e n t e d  no s u c h  e v i d e n c e .  Our f i r s t  g ro u p  o f
p a t i e n t s  s u f f e r e d  f ro m  h y p e r t e n s i o n ,  w i t h  v a r i o u s  s i g n s  an d
symptoms of  w h ic h  none s u g g e s t e d  c a r d i a c  f a i l u r e ;  t h e  r e s u l t s  
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i n  T a b le  V, were w i t h i n  n o r m a l  l i m i t s  an d  c o n f i r m  t h e  f i n d i n g s  
o f  K v a l e ,  A l l e n  and  Ads on ( 1 9 3 9 ) .  Our s e c o n d  g r o u p  c o n s i s t e d  
o f  p a t i e n t s  w i t h  o r g a n i c  d i s e a s e  of  t h e  h e a r t  b u t  w i t h o u t  
h e a r t  f a i l u r e ;  i n  some,  t h e  v a l v u l a r  l e s i o n s  were  u n c o m p l i ­
c a t e d ,  an d  i n  o t h e r s  t h e y  h ad  b e e n  a g g r a v a t e d  b y  s u b a c u t e  
b a c t e r i a l  e n d o c a r d i t i s :  once a g a i n  t h e  r e s u l t s  were  w i t h i n
n o r m a l  l i m i t s ,  a s  shown i n  T a b le  V I ,  and  were  s i m i l a r  t o  t h o s e  
o f  Wood ( 1 9 3 6 ) .
Our t h i r d  g r o u p  c o n s i s t e d  of  p a t i e n t s  w i t h  r h e u m a t i c  
c a r d i t i s  i n  v a r i o u s  s t a g e s  o f  a c t i v i t y ,  and  t h e  r e s u l t s  i n  
T a b le  V l l  show t h a t  t h e  c i r c u l a t i o n  t im e  was r o u g h l y  i n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  d e g r e e  o f  a c t i v i t y  e x c e p t  i n  c a s e  N o .3 4 1 ,
i n  w h ic h  t h e  o c c u r r e n c e  o f  a u r i c u l a r  f i b r i l l a t i o n  p r o d u c e d  a  
h i g h  r e a d i n g ,  w h ic h  was r e d u c e d  t o  n o r m a l  by  e f f e c t i v e  d i g i -  
t i l i s a t i o n .  The r e d u c t i o n  i n  c i r c u l a t i o n  t im e  i n  t h e  a c t i v e  
p h a s e  i s  due p r o b a b l y  t o  t h e  i n c r e a s e  i n  m e t a b o l i s m  c a u s e d  by 
t h e  i n f e c t i o n ,  and  t o  t h e  m i l d  a n a em ia  w h ic h  i s  u s u a l  i n  t h e s e  
c a s e s .
The f i n a l  g ro u p  c o n s i s t e d  of p a t i e n t s  w i t h  c l i n i c a l  
e v i d e n c e  of  c a r d i a c  f a i l u r e ,  a n d  was s u b d i v i d e d  i n t o  two s e c ­
t i o n s  -  t h e  f i r s t  c o n t a i n e d  a l l  c a s e s  i n  w h ich  f a i l u r e  was 
p r e d o m i n a n t l y  l e f t  v e n t r i c u l a r  i n  t y p e ,  and  t h e  s e c o n d  con­
t a i n e d  a l l  i n  w h ich  i t  was p r e d o m i n a n t l y  r i g h t  v e n t r i c u l a r .  
A l t h o u g h  t h e  a v e r a g e  r e a d i n g  was t h e  same i n  e a c h  s e c t i o n ,  t h e  
r a n g e  was much g r e a t e r  i n  t h e  s e c o n d  owing t o  t h e  v e r y  h i g h  
r e a d i n g  i n  c a s e  No.389 i n  w h ich  t h e r e  was s e v e r e  f a i l u r e  o f  
b o t h  r i g h t  and  l e f t  v e n t r i c l e s  f o l l o w i n g  m y o c a r d i a l  i n  f a r c t i o n .  
The low r e a d i n g s  o b t a i n e d  i n  some of  t h e  c a s e s ,  i n  w h ic h  r i g h t  
v e n t r i c u l a r  f a i l u r e  h a d  o c c u r r e d  a s  a  s e q u e l  t o  f a i l u r e  of  t h e  
l e f t  v e n t r i c l e ,  a r e  s u r p r i s i n g ,  b u t  t h e y  may c o r r e s p o n d  t o  t h e  
b r i e f  c l i n i c a l  im provem ent  w h ic h  o c c u r s  when a  p a t i e n t ,  w i t h  
o r t h o p n o e a  f ro m  l e f t  v e n t r i c u l a r  f a i l u r e ,  d e v e l o p s  r i g h t  v e n ­
t r i c u l a r  f a i l u r e  and  f i n d s  t h a t  he c a n  b r e a t h e  c o m f o r t a b l y .
The r e s u l t s  i n  T a b le  V l l l  show t h a t ,  a l t h o u g h  t h e  c i r c u l a t i o n  
t im e  i s  p r o l o n g e d  i n  m os t  c a s e s  of  c a r d i a c  f a i l u r e ,  t h e  a c t u a l  
r e a d i n g  d o e s  n o t  b e a r ,  i n  g e n e r a l ,  a n y  d e f i n i t e  r e l a t i o n s h i p  
t o  t h e  d e g r e e  of  f a i l u r e  a s  j u d g e d  by c l i n i c a l  s t a n d a r d s :  on
t h e  o t h e r  h a n d ,  i n  an y  one p a r t i c u l a r  c a s e ,  s e r i a l  r e a d i n g s
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do r e f l e c t  t h e  d e g r e e  o f  f a i l u r e  o r  of  r e c o v e r y ,  and  may 
g i v e  p r o g n o s t i c  h e l p .
However ,  i t  i s  a s  a n  a i d  t o  d i a g n o s i s  t h a t  c i r c u l a t i o n  
t im e  t e s t s  have  won a p l a c e  i n  c l i n i c a l  m e d i c i n e ,  and  t h e y  
h a v e  done so  b e c a u s e  t h e y  e n a b l e  t h e  p h y s i c i a n  t o  a s s e s s  t h e  
f u n c t i o n a l  a b i l i t y  of  t h e  h e a r t  i n  c a s e s  w here  t h i s  i s  i n  
d o u b t .  I n  a  t y p i c a l  c a s e  o f  r i g h t  v e n t r i c u l a r  f a i l u r e ,  f rom  
r h e u m a t i c  h e a r t  d i s e a s e ,  w i t h  p e r i p h e r a l  v e n o u s  c o n g e s t i o n ,  
a s c i t e s ,  g r o s s  oedema a n d  e n l a r g e m e n t  of  t h e  l i v e r ,  a  c i r c u ­
l a t i o n  t im e  i s  n o t  a  n e c e s s a r y  p r e l i m i n a r y  t o  d i a g n o s i s :  b u t
a  c a s e  o f  c i r r h o s i s  o f  t h e  l i v e r  w i t h  a s c i t e s  m i g h t  w e l l  have  
a n  o l d  v a l v u l a r  l e s i o n  i n  h i s  h e a r t ,  i n  w h ic h  c a s e  t h e  c i r c u ­
l a t i o n  t im e  m e a su re m e n t  would h av e  some v a l u e .  I n  p r e g n a n c y ,  
s l i g h t  oedema o f  t h e  a n k l e s  i s  n o t  uncommon i n  a  p a t i e n t  w i t h
a n o r m a l  h e a r t ,  b u t  i f  oedema o c c u r s  i n  a  p a t i e n t  w i t h  r h e u -  
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m a t i c  h e a r t  d i s e a s e ,  t h e  c i r c u l a t i o n  t im e  t e s t  may be o f  a p p r e ­
c i a b l e  h e l p  i n  d e t e r m i n i n g  i t s  s i g n i f i c a n c e .  I n  t h i s  c o n n e c ­
t i o n ,  a l t h o u g h  Conen and Thomson (1956)  f o u n d  t h e  c i r c u l a t i o n  
t im e  i n  h e a l t h y  p r e g n a n t  women t o  be w i t h i n  t h e  n o rm a l  n o n ­
p r e g n a n t  r a n g e ,  an d  G r e e n s t e i n  an d  C l a h r  (1937)  fo u n d  i t  t o  
i n c r e a s e  a s  p r e g n a n c y  a d v a n c e s  w i t h o u t  s i g n i f y i n g  c a r d i a c  i n ­
s u f f i c i e n c y ,  i t  s h o u l d  be r e c o r d e d  t h a t  M a n c h e s t e r  an d  Loube 
(1946)  d e s c r i b e  a c a r e f u l  i n v e s t i g a t i o n ,  i n v o l v i n g  f o r t n i g h t l y  
t e s t s  t h r o u g h o u t  p r e g n a n c y  i n  48 n o r m a l  women, w h ich  showed 
t h a t  t h e  c i r c u l a t i o n  t im e  d i m i n i s h e s  s i g n i f i c a n t l y  i n  b o t h  t h e
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s e c o n d  and  t h i r d  t r i m e s t e r s ,  and  t h e y  c o n c l u d e  t h a t  a r e a d i n g  
n e a r  t h e  u p p e r  l i m i t s  o f  t h e  a c c e p t e d  '‘normal*’ r a n g e  may be 
a n  e a r l y  s i g n  of  c a r d i a c  d e c o m p e n s a t i o n .
The d i a g n o s i s  of  e a r l y  l e f t  v e n t r i c u l a r  f a i l u r e  i s  d i f f i ­
c u l t  a t  t i m e s ,  b e c a u s e  t h e  u s u a l  p r e s e n t i n g  symptom of  
d y s p n o e a  on e x e r t i o n  may be  fo u n d  a l s o  i n  e f f o r t  sy n d ro m e ,  
a n a e m i a ,  and  s u c h  p u lm o n a ry  d i s e a s e s  a s  emphysema and  t u b e r ­
c u l o s i s ;  p a r o x y s m a l  d y s p n o e a  may be due t o  b r o n c h i a l  a s th m a  
a s  w e l l  a s  t o  more  a d v a n c e d  f a i l u r e  o f  t h e  l e f t  v e n t r i c l e .
Our r e s u l t s ,  have  shown t h a t  t h e  c i r c u l a t i o n  t im e  i s  n o r m a l  
i n  t h e  e f f o r t  s y n d ro m e ,  and  t h e  d e c r e a s e d  r e a d i n g s  i n  a n a em ia  
have  b e e n  d i s c u s s e d  a o o v e :  t h e  r e s u l t s  i n  t h e  r e l a t i v e l y  few
c a s e s  o f  p u lm o n a ry  d i s e a s e  a r e  c o n s i s t e n t  w i t h  t h e  f i n d i n g s  of  
o t h e r  w o r k e r s  who have  c o n c e n t r a t e d  on t h e  i n v e s t i g a t i o n  o f  
su ch '  c a s e s .  O ppenheim er  a n d  H i t z i g  (1936) f o u n d  t h a t  t h e  
c i r c u l a t i o n  t im e  i n  25 c a s e s  o f  emphysema, u n c o m p l i c a t e d  by 
c a r d i a c  f a i l u r e ,  was n o rm a l  o r  s l i g h t l y  r e d u c e d ,  a n d  r l o t z  
(1939)  had  t h e  same f i n d i n g s  i n  37 c a s e s  o f  b r o n c h i a l  a s t h m a :  
H u r s t  and  B rand  (1937)  e xam ined  153 c a s e s  o f  p u lm o n a ry  t u b e r ­
c u l o s i s  and  d i s c o v e r e d  t h a t  t h e  c i r c u l a t i o n  t im e  was w i t h i n  
n o rm a l  l i m i t s ,  i r r e s p e c t i v e  o f  t h e  e x t e n t  o f  t h e  d i s e a s e  and  
o f  t h e  p r e s e n c e  o r  d e g r e e  o f  c o l l a p s e  of  t h e  l u n g s .  I n  c o n ­
t r a s t ,  we have shown t h a t  t h e  c i r c u l a t i o n  t im e  i s  g r e a t l y  i n ­
c r e a s e d  i n  l e f t  v e n t r i c u l a r  f a i l u r e ,  and  E p s t e i n  and  Young 
(1943)  have  d e m o n s t r a t e d  t h a t  t h e  i n c r e a s e  i s  a c c o m p a n ied
7 1 .
u s u a l l y  by r a d i o l o g i c a l  s i g n s  o f  p u lm o n a ry  c o n g e s t i o n  a l t h o u g h  
c l i n i c a l  s i g n s  i n  t h e  c h e s t  may be l a c k i n g .  K i t z i g ,  Kixig 
a n d  k i a h b e r g  (1955)  fo u n d  t h a t  i n  e a r l y  f a i l u r e ,  e s p e c i a l l y  
i f  due bo m a l i g n a n t  h y p e r t e n s i o n ,  t h e  c i r c u l a t i o n  t im e  may be 
p r o l o n g e d  e v e n  b e f o r e  t h e  o c c u r r e n c e  of  d y s p n o e a  a s  a  symptom, 
an d  d e l z e r  (1945) showed t h a t  a n  i n c r e a s e  i n  c i r c u l a t i o n  t im e  
may be, t h e  e a r l i e s t  i n d i c a t i o n  of  t h e  d e v e lo p m e n t  of  l e f t  
v e n t r i c u l a r  f a i l u r e  i n  a c u t e  m y o c a r d i a l  i n f a r c t i o n .  I t  i s  
e v i d e n t ,  t h e r e f o r e ,  t h a t  t h e  c i r c u l a t i o n  t im e  may be i n c r e a s e d  
b e f o r e  c l i n i c a l  s i g n s  o r  symptoms o f  l e f t  v e n t r i c u l a r  f a i l u r e  
a p p e a r ,  an d  t h i s  s u p p o r t s  t h e  s u g g e s t i o n  of  vtfebb, b h e i n f e l d  
a n d  C o l i n  (1956)  t h a t  t h e  t e s t  s h o u l d  be u s e d  i n  s u r g e r y  f o r  
t h e  r e c o g n i t i o n  o f  p a t i e n t s  who a r e  p o o r  " o p e r a t i v e  r i s k s "  




The t h e o p h y l l i n e - e t h y l e n e d i a m i n e  m ethod  o f  b l o o d  c i r c u ­
l a t i o n  t im e  m e asu rem e n t  r e q u i r e s  t h e  minimum of  a p p a r a t u s ,  
and  i n  n o rm a l  s u b j e c t s  g i v e 3  c o n s i s t e n t  and  r e l i a b l e  r e s u l t s ,  
w h ic h  a r e  c o m p a ra b le  w i t h  t h o s e  o b t a i n e d  by t h e  w i d e l y  u s e d  
d e c h o l i n  and  s a c c h a r i n  m e t h o d s ,  when a l l o w a n c e  i s  made f o r  
t h e  e x t r a  s e c o n d  o r  two w h ic h  i s  n e c e s s a r y  f o r  t h e  i n j e c t i o n  
o f  t h e  l a r g e r  volume o f  s o l u t i o n  o f  t h e  l a t t e r  s u b s t a n c e s .
The e n d - p o i n t ,  w h ic h  i s  e n t i r e l y  o b j e c t i v e ,  t a k e s  t h e  
fo rm  of  a  m a rk ed  i n s p i r a t o r y  g a s p  i n  a b o u t  90% o f  c a s e s ,  and  
i s  r e a d i l y  r e c o g n i s a b l e ,  a l t h o u g h  l e s s  d r a m a t i c ,  i n  t h e  o t h e r  
10%.
No d a n g e r o u s  r e a c t i o n  o c c u r r e d  i n  433 t e s t s  i n  339 
p a t i e n t s ,  b u t  u n p l e a s a n t  s i d e - e f f e c t s  were  n o t e d  i n  a  few  e x ­
c i t a b l e  s u b j e c t s  an d  i n  o t h e r s  w i t h  p y s c h o n e u r o t i c  d i s o r d e r s .
I n  d i s o r d e r s  o f  t h e  b l o o u ,  t h e  c i r c u l a t i o n  t im e  i s  r o u g h ­
l y  p r o p o r t i o n a l  t o  t h e  h a e m o g l o b i n  l e v e l ,  sh o w in g  a  d e c r e a s e  
i n  a n a e m ia  an d  a n  i n c r e a s e  i n  p o i y c y t h a e m i a , an d  a p p r o a c h e s  
t h e  n o r m a l  v a l u e  i n  p a r a l l e l  w i t h  t h a t  l e v e l .
I n  u n c o m p l i c a t e d  h y p e r t h y r o i d i s m ,  t h e  c i r c u l a t i o n  t i m e  i s  
c o n s i d e r a b l y  d e c r e a s e d ,  an d  r e t u r n s  t o w a r d s  n o r m a l  i n  p a r a l l e l  
w i t h  c l i n i c a l  im p ro v e m e n t ;  where  c a r d i a c  f a i l u r e  i s  p r e s e n t  
a s  a  c o m p l i c a t i o n ,  t h e  c i r c u l a t i o n  t im e  i s  n o r m a l  o r  s l i g h t l y  
i n c r e a s e d ,  and  t e n d s  t o  d e c r e a s e  w i t h  t r e a t m e n t ,  w h ich  i n f l u ­
e n c e s  t h e  c o m p l i c a t i o n  more r a p i d l y  t h a n  t h e  p r i m a r y  c o n d i t i o n .
I n  c a r d i o v a s c u l a r  d i s e a s e ,  t h e  c i r c u l a t i o n  t im e  i s  
n o rm a l  i n  h y p e r t e n s i o n  and  i n  o r g a n i c  v a l v u l a r  d i s e a s e  p r o ­
v i d e d  t h a t  t h e r e  i s  no e v i d e n c e  o f  c a r d i a c  f a i l u r e ;  when 
c a r d i a c  f a i l u r e  i s  p r e s e n t ,  t h e  c i r c u l a t i o n  t i m e  i s  i n c r e a s e d  
b u t  f l u c t u a t e s  i n  t h e  i n d i v i d u a l  p a t i e n t  a c c o r d i n g  t o  t h e  
c o u r s e  o f  t h e  d i s e a s e ,  and  i s  m o d i f i e d  by c o n c o m i t a n t  a n a em ia  
o r  t h y r o t o x i c o s i s .  The c h i e f  v a l u e  o f  c i r c u l a t i o n  t im e  
m e a su re m e n t  i s  i n  t h e  d i f f e r e n t i a t i o n  o f  e a r l y  c a r d i a c  f a i l ­
u r e  a n d  b r o n c h o - p u l m o n a r y  d i s e a s e ,  and  t h e  t h e o p h y l l i n e -  
e t h y l e n e d i a m i n e  m ethod  i s  e m i n e n t l y  s u i t a b l e  f o r  t h i s  p u r p o s e .
74 .
S U M  M A R 1 .
The commoner m ethods  o f  b l o o d  c i r c u l a t i o n  t i m e  m e a s u r e ­
m ent  have  b e e n  r e v i e w e d ,  and  t h e  t h e o p h y l l i n e - e t h y l e n e d i a m i n e  
t e s t ,  w h ic h  h a s  n o t  b e e n  u s e d  p r e v i o u s l y  i n  t h i s  c o u n t r y ,  was 
s e l e c t e d  f o r  c l i n i c a l  t r i a l ,  s i n c e  i t  a p p e a r e d  s u i t a b l e  f o r  
r o u t i n e  u s e  i n  g e n e r a l  p r a c t i c e  an d  i n  a  b u s y  h o s p i t a l  o u t ­
p a t i e n t  d e p a r t m e n t .
E x t e n s i v e  c l i n i c a l  t r i a l s  -  i n v o l v i n g  455 t e s t s  i n  559 
c a s e s  -  a r e  d e s c r i b e d ,  an d  t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  
t h e o p h y l l i n e - e t h y l e n e d i a m i n e  m ethod  i s  s a f e ,  s i m p l e  a n d  r e ­
l i a b l e ,  i s  s u i t a b l e  f o r  u s e  i n  t h e  c o n t r o l  o f  t h e  t r e a t m e n t  
o f  t h y r o t o x i c o s i s ,  and  i s  a  v a l u a b l e  a i d  t o  t h e  d i a g n o s i s  o f  
c a r d i a c  f a i l u r e .
75 .
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